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fÌöÙÎġíıÙĚˋ _ÙġëĆÓĚ̪ Î÷ĀĆĲúÙÓçÙÿÙĀġĚ 

5efp pqrav t^p pmlkploba _v &ksfolkjbkq^i %bcbkpb 'rkaÁ *q fp ^fjba ^q ^ppfpqfkd qo^kpfq 

^dbk`fbp ^p qebv _bdfk ql mi^k clo pfdkfŇ`^kq bib`qofŇ`^qflk lc qebfo _rp ňbbqpÁ *q cl`rpbp lk 

_^qqbov bib`qof` qb`eklildfbp Êklq crbi `bii qb`eklildfbpË ̂ka fp ifjfqba fk p`lmb ql ̀e^odfkd 

qb`eklildfbp¾ abpfdkp¾ ̂ka `elf`bp Êo^qebo qe^k sbef`ib qb`eklildfbp¾ bu`bmq ^p qebpb 

fjm^`q `e^odfkdËÁ  

5efp fp klq qeb Ňopq pqrav ql molsfab _bpq mo^`qf`bp lk _^qqbov bib`qof` _rp Ê#&#Ë 

abmilvjbkqÁ *q `ljmibjbkqp mr_ifpeba bumboqfpb fk #&# abmilvjbkq colj qeb $bkqbo clo 

5o^kpmloq^qflk ^ka qeb &ksfolkjbkq Ê$5&Ë Ì÷Í¾ qeb /^qflk^i 3bkbt^_ib &kbodv -^_lo^qlov 

Ê/3&-Ë ÌøÍ¾ ^ka $"-45"35 ÌùÍ ÌúÍ ÌûÍ¾ ^jlkd lqebopÁ 5ebpb ^rqelop ^ob obcbobk`ba 

qeolrdelrq¾ ^ka qo^kpfq ^dbk`fbp ^ob ^asfpba ql `lkpriq qebfo tloh fk ^aafqflk ql qefp obmloqÁ  

"p tbii ^p ao^tfkd colj qebpb ^ka lqebo mr_ifpeba tlohp¾ qefp obmloq fk`lomlo^qbp 

ib^okfkdp colj øþ fkarpqov fkqbosfbtp `ljmibqba _bqtbbk +^kr^ov ^ka "mofi øöøø _v "qi^p 

1r_if` 1lif`v pq^ŊÁ *kqbosfbtbbp ^ob ifpqba fk 'fdrob ÷Á 5ebpb fkqbosfbtp plrdeq ql 

rkabopq^ka i^qbpq absbilmjbkqp¾ `e^iibkdbp¾ plirqflkp¾ ^ka ibpplkp ib^okba fk #&# 

`e^odfkd¾ ^ka ql `ljmfib pmb`fŇ` bu^jmibp¾ ^kb`alqbp ̂ka lkÓqebÓdolrka bumbofbk`bp 

colj qelpb ^q qeb clobcolkq lc abmilvjbkqÁ "qi^p 1r_if` 1lif`v qe^khp qeb fkqbosfbtbbp clo 

qebfo qfjb ̂ka tfiifkdkbpp ql pe^ob qebfo hkltibadbÁ 

5eb obj^fkabo lc qefp obmloq abq^fip _bpq mo^`qf`bp ̂ka ibpplkp ib^okba fk pbsbk `e^mqbopÀ 

¶ %bpfdkfkd $e^odfkd '^`fifqfbp 

¶ 6qfifqv &kd^dbjbkq 

¶ 1i^kkfkd clo (ofa 3bpfifbk`b 

¶ &kprofkd 3bif^_ib $e^odfkd 

¶ .^k^dba $e^odfkd 

¶ $e^odfkd *kco^pqor`qrob $lpqp ^ka 5fjbifkbp 

¶ 'fk^k`fkd $e^odfkd 

" Ňk^i `e^mqbo¾ Ù"asf`b 'olj 5elpb 'roqebo %ltk qeb 3l^a¾Ú obmloqp fkqbosfbtbbpØ ̂kptbop 

ql qtl Ňk^i nrbpqflkpÀ 

1. What do you see as the biggest remaining barriers to electrifying bus fleets? 

2. 8e^q pelria _b ^ qo^kpfq ^dbk`vØp cfopq pqbmp fk mi^kkfkd clo bib`qofcf`^qflkÅ 
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'fdrob ÷À 0od^kfw^qflkp fkqbosfbtba clo qefp obmloq 

 

2ÙĚíçĀíĀç -ëÀĖçíĀçEÀÎíúíġíÙĚ 

$ellpfkd ^ka mi^kkfkd clo qeb ̀e^odfkd pqo^qbdv¾ lo `lj_fk^qflk lc pqo^qbdfbp¾ qe^q _bpq Ňqp 

 ̂qo^kpfq ̂dbk`vØp rkfnrb lmbo^qfkd obnrfobjbkqp fp ^k bppbkqf^i pqbm qlt^oap qeb 

pr``bppcri abmilvjbkq lc bib`qof` qo^kpfq _rpbpÁ .^kv lc qeb b^oifbpq ̂almqbop `elpb ql 

bib`qofcv peloq `fo`ri^qlo lo _rp o^mfa qo^kpfq Ê#35Ë olrqbp rqfifwfkd lkÓolrqb `e^odbop ÓÓ qebpb 

olrqbp tbob tbii prfqba clo b^oiv _^qqbov qb`eklildv qe^q e^a buqobjbiv ifjfqba dbldo^mef` 

o^kdb _rq `lria ^``bmq ^ mltbocri `e^odbÁ "p _^qqbov ^ka `e^odbo qb`eklildv e^p fjmolsba 

lsbo qfjb¾ ^dbk`fbp klt e^sb ^ _ol^abo o^kdb lc lmqflkpÁ 

&s^ir^qfkd qebpb lmqflkp obnrfobp abq^fiba jlabifkd lc bkbodv kbbap¾ `e^odfkd p`ebaribp¾ 

^ka lmbo^qlo _be^sflo ^p tbii ^p mltbo ^ka pm^`b ^s^fi^_fifqv ^q qeb abmlqÁ *k ^aafqflk¾ 

abpfdkfkd ^olrka pm^`b ^ka mltbo `lkpqo^fkqp j^v obnrfob c^`fifqv rmdo^abp ̂kaÇlo qeb 

`lkpqor`qflk lc bkqfobiv kbt c^`fifqfbpÁ "dbk`fbp jrpq `lloafk^qb qebfo bib`qof` _rp 

Transit agencies (twelve with BEBs deployed; two just beginning to electrify):

Å Foothill Transit , CA

Å Long Beach Transit, CA

Å Los Angeles Metro, CA

Å Santa Clara Valley Transportation Authority, CA

Å Chicago Transit Authority, IL

Å TransitAuthority of River City, KY

ÅMetro Transit, MN

ÅMountain Line, MT

Electric utilities with battery electric bus programs:

Å Pacific Gas & Electric, CA

Å Xcel Energy, CO & MN

Å Hawaiian Electric, HI

Not-for-profit organizations with electric bus deployment experience:

Å CALSTART

Å Electric Power Research Institute (EPRI)

Engineering firms with electric bus deployment experience:

Å HDR

Charging and/or managed charging providers:

Å ABB

Å Amply

Å New Jersey Transit, NJ

Å Rochester Transit Service, NY

Å New York City Transit, NY

Å TriMet, OR

ÅMetropolitan Transit Authority of Harris 
County, TX

Å King County Metro, WA

Å DTE Energy, MI

Å Portland General Electric, OR

Å Center for Transportation and the 
Environment (CTE)

ÅWSP

ÅMobility House

Å Proterra
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abmilvjbkqp ^olrka qebpb jriqfÓvb^o `lkpqor`qflk molgb`qpÁ *kqbosfbtbbp pqobppba qeb 

fjmloq^k`b lc absbilmfkd ^ `ljmobebkpfsb qo^kpfqflk mi^k tfqe ^k bka dl^i fk jfka¾ o^qebo 

qe^k mi^kkfkd lkb abmilvjbkq ^q ^ qfjbÁ 'lo qo^kpfq ^dbk`fbp tfqelrq pqolkd fkÓelrpb 

bib`qofŇ`^qflk bumboqfpb¾ $5& ̂ka qo^kpfq ^dbk`v fkqbosfbtbbp ob`ljjbkaba tlohfkd tfqe ^ 

`lkpriq^kq lo lqebo bumboq ÌýÍÁ  

2ÙıÙúĆēíĀç À ¢ĖÀĀĚíġíĆĀ súÀĀ 

"q qeb `lob lc ^ `ljmobebkpfsb qo^kpfqflk mi^k fp ^ ňbbqtfab cb^pf_fifqv ^ppbppjbkq ql 

fabkqfcv tef`e _rp _il`hp `^k _b pbosba _v ̂s^fi^_ib bib`qof` _rp qb`eklildv ̂ka tef`e 

_il`hp j^v obnrfob fjmolsba qb`eklildv¾ lkÓolrqb `e^odfkd¾ lo ^k ^iqbok^qfsb plirqflkÁ 

0kb bkdfkbbofkd Ňoj ob`ljjbkaba qe^q ňbbqp `lkar`q ^k bkbodvÓ_^pba ^ppbppjbkq 

o^qebo qe^k ^ jfib^dbÓ_^pba ^ppbppjbkqÀ _bvlka `lkpfabofkd olrqb ibkdqep¾ ^dbk`fbp 

pelria ^ipl `lkpfabo _rpbpØ crii a^fiv lmbo^qfkd p`ebaribp¾ sbef`ib tbfdeq¾ altkqfjb 

_bqtbbk _il`hp¾ ^ka ^kv lmbo^qfkd `lkafqflkp qe^q j^v fjm^`q bkbodv rpbÁ 'lo bu^jmib¾ 

^dbk`fbp lmbo^qfkd fk m^oqf`ri^oiv elq lo `lia `ifj^qbp `lria bumbofbk`b pfdkfŇ`^kq 

obar`qflkp fk o^kdb arb ql qeb bkbodv kbbaba ql eb^q lo `lli _rpbpÁ 4fjfi^oiv¾ olrqbp tfqe 

pfdkfŇ`^kq sboqf`^i d^fk j^v rpb jlob bkbodv mbo jfib qo^sbibaÁ $5& ob`ljjbkaba qe^q 

ňbbqp ^ipl fk`lomlo^qb ob^iÓtloia bumb`qba jfaÓifcb _^qqbov abdo^a^qflk fkql qefp cb^pf_fifqv 

^ppbppjbkqÁ 

"p qebv p`^ib rm qebfo &7 ňbbqp¾ ^dbk`fbp j^v ^ipl `lkpfabo jlafcvfkd qebfo _il`hp ^ka 

lmbo^qflkp ql Ňq qeb `^m^_fifqfbp lc _^qqbov bib`qof` _rpbp o^qebo qe^k qovfkd ql j^hb bib`qof` 

_rpbp tloh fk co^jbtlohp abpfdkba clo afbpbi _rpbpÁ *kqbosfbtbbp prddbpqba ^ppbppfkd qeb 

mlqbkqf^i ql `e^kdb _il`hp¾ peloqbk olrqbp¾ ^ka fk`ob^pb fkp ^ka lrqp fk loabo ql fabkqfcv 

mlqbkqf^i bib`qofŇ`^qflk lmmloqrkfqfbp _bvlka ^ lkbÓcloÓlkb ptfqèÓlrq tfqe bufpqfkd afbpbi 

_rpbpÁ  

"dbk`fbp `^k qebk _bdfk ql mi^k qebfo qo^kpfqflk ql bib`qof` _rpbp¾ q^hfkd fkql ^``lrkq qebfo 

abmilvjbkq dl^ip ^ka `lkpqo^fkqp¾ obj^fkfkd rpbcri ifcb lc qeb `roobkq ňbbq¾ ̂ka qeb 

`lkafqflk lc bufpqfkd c^`fifqfbpÁ 5eb qo^kpfqflk mi^k pelria fkcloj qeb ňbbq obmi^`bjbkq 

p`ebarib¾ qeb bkbodv kbba ^q b^`e abmlq¾ ^ka qeb c^`fifqv rmdo^abp kbbaba ql prmmloq 

bib`qofŇ`^qflkÁ $5& ob`ljjbkap obsfpfqfkd qefp mi^k bsbov ø vb^op ql fk`lomlo^qb `e^kdbp 

ql obdri^qlov obnrfobjbkqp¾ ^dbk`v lmbo^qflkp¾ ibpplkp ib^okba colj lqebo abmilvjbkqp¾ 

^ka abmilvjbkq a^q^ Ì÷ÍÁ 
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'fdrob øÀ '^`fifqfbp #rfialrq %f^do^jp¾ -" .bqol ;bolÓ&jfppflk #rp 3liilrq 1i^k 

 

This figure colj -" .bqolØp ;bol-Emission Bus Rollout Plan depicts the proposed design and buildout 

plan for the conversion of their Division 18 to electric buses. Clockwise (from upper left), the diagrams 

show existing conditions (December 2018), to construction staging, to full buildout. 

Source: Los Angeles County Metropolitan Transportation Authority [6] 

0rqob^`e fp ^k fjmloq^kq m^oq lc qeb qo^kpfqflk mi^kkfkd mol`bppÁ *kqbosfbtbbp 

ob`ljjbkaba bkd^dfkd bib`qof` pbosf`b molsfabop¾ ̂dbk`fbp qe^q e^sb ^iob^av abmilvba 

bib`qof` _rpbp¾ bnrfmjbkq j^krc^`qrobop¾ ^ka qefoaÓm^oqv `lkpriq^kqp lo klkmolŇqpÁ 

*karpqov dolrmp pr`e ^p qeb ;bol &jfppflk #rp 3bplro`b "iif^k`b Ê;&#3"Ë ^ka qeb 

"jbof`^k 1r_if` 5o^kpfq "ppl`f^qflk Ê"15"Ë ^ob ^ipl s^ir^_ib obplro`bp clo qo^kpfq ^dbk`fbp 

_bdfkkfkd qebfo bib`qofŇ`^qflk glrokbvÁ 5eb $ef`^dl 5o^kpfq "rqelofqv Ê$5"Ë prddbpqba 

absbilmfkd ^k fkqbok^i pqor`qrob qe^q _ofkdp qldbqebo abm^oqjbkqp obibs^kq ql 

bib`qofŇ`^qflk¾ ^ka fkqbosfbtbbp ^ipl pqobppba qeb kbba ql `lkpriq buqbok^i pq^hbeliabop 

arofkd qeb mi^kkfkd mol`bpp ql fk`lomlo^qb qeb kbbap lc qeb `ljjrkfqvÁ  
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.bqol 5o^kpfq Ê.fkkbplq^Ë ̂ka $5" ob`bkqiv mr_ifpeba abq^fiba qo^kpfqflk mi^kp qe^q `^k 

pbosb ^p bu^jmibp clo qo^kpfq ^dbk`fbp grpq dbqqfkd pq^oqba ÌýÍ¾ ÌþÍÁ *k ^aafqflk¾ bsbov i^odb 

qo^kpfq ^dbk`v fk $^ifclokf^ t^p obnrfoba ql pr_jfq ^ wbolÓbjfppflk _rp oliilrq mi^k ql qeb 

$^ifclokf^ "fo 3bplro`bp #l^oa Ê$"3#Ë rkabo qeb *kkls^qfsb $ib^k 5o^kpfq oribÁ 5ebpb mi^kp 

^ob ^ii ^s^fi^_ib lk $"3#Øp *kkls^qfsb $ib^k 5o^kpfq 8b_pfqb ÌÿÍÁ "p lc 'fp`^i :b^o øöøø¾ ^ii 

^mmif`^kqp molmlpfkd crkafkd clo wbolÓbjfppflk molgb`qp rkabo qeb 'babo^i 5o^kpfq 

"ajfkfpqo^qflkØp #rpbp ^ka #rp '^`fifqfbp $ljmbqfqfsb (o^kq 1oldo^j ^kaÇlo qeb -lt lo /l 

&jfppflk $ljmbqfqfsb (o^kq 1oldo^j ^ob ̂ipl obnrfoba ql absbilm ^ ;bol &jfppflk 'ibbq 

5o^kpfqflk 1i^kÁ  

fĀlvĆĥġÙ ıĚ 2ÙēĆġ -ëÀĖçíĀç 

0kb lc qeb Ňopq ab`fpflkp ^k ^dbk`v kbbap ql j^hb fp tebob fq fp dlfkd ql `e^odb fqp _^qqbov 

bib`qof` _rpbpÁ "dbk`fbp `^k `e^odb _rpbp ^ilkd olrqbp tefib qebv ^ob fk pbosf`b¾ hkltk ^p 

lkÓolrqb `e^odfkd¾ lo tefib m^ohba Êlcqbk lsbokfdeqË ̂q  ̂abmlqÁ .^kv ^dbk`fbp ^ipl rpb ^ 

`lj_fk^qflk lc qeb qtlÁ  

0kÓolrqb `e^odfkd qbkap ql _b jlob bumbkpfsb ^ka ildfpqf`^iiv `e^iibkdfkd qe^k abmlq 

`e^odfkdÁ "dbk`fbp j^v e^sb ql ^`nrfob i^ka lo ofdeqp lc t^v fk loabo ql fkpq^ii `e^odfkd 

pq^qflkp ^ilkd qebfo olrqbpÁ 0kÓolrqb `e^odfkd obnrfobp c^pq `e^odbop Êùûöh8ĦË tef`e ̂ob 

jlob bumbkpfsb qe^k piltbo ̀e^odbop qe^q `^k _b rpba arofkd ilkdbo m^ohfkd tfkaltpÁ 

"dbk`fbp e^sb ifqqib `lkqoli lsbo tebk lkÓolrqb `e^odfkd l``rop¾ tef`e `^k ib^a ql efde 

bib`qof`fqv `lpqp arb ql abj^ka `e^odbp ^ka qfjbÓlcÓrpbÓo^qbpÁ 5ebob ^ob ^ipl  ̂krj_bo lc 

ofphp ^ppl`f^qba tfqe il`^qfkd `e^odbop fk mr_if` lrqallo pm^`bpÁ $e^iibkdbp bumbofbk`ba 

_v fkqbosfbtbbp fk`iraba fkqbkqflk^i s^ka^ifpj lc lkÓolrqb `e^odbop¾ ^ t^vt^oa ob`v`ifkd 

qor`h abpqolvfkd ̀e^odfkd pqor`qrobp1¾ ̀ljmi^fkqp colj kbfde_lop tel alkØq ^mmob`f^qb 

e^sfkd `e^odbop _bfkd il`^qba kbuq ql qebfo obpfabk`bp¾ ̂ka lkÓolrqb `e^odbop perqqfkd lŊ 

_bilt Óøöİ'Á  8ebk qebpb lo lqebo mol_ibjp l``ro¾ fq `^k _b jlob `e^iibkdfkd clo ^dbk`fbp 

ql Ňu lo j^fkq^fk lkÓolrqb `e^odbop _b`^rpb j^fkqbk^k`b pq^Ŋ jrpq qo^sbi ql ob^`e qebjÁ 

*k ^aafqflk¾ 4^kq^ $i^o^ 7^iibv 5o^kpfq abp`of_ba qe^q¾ tebk obivfkd lk lkÓolrqb `e^odfkd 

fkco^pqor`qrob¾ qebob ^ob l``^pflk^i `e^iibkdbp tfqe qo^kpfq pbosf`b obif^_fifqv fc lkb lkÓolrqb 

`e^odbo fp klq lmbo^qflk^iÁ 

"p ^ obpriq¾ qeb dbkbo^i `lkpbkprp ^jlkd fkqbosfbtbbp fp qe^q ^dbk`fbp pelria `e^odb ^p 

jr`e ^p qebv `^k ^q abmlqp ̂ka lkiv rpb lkÓolrqb `e^odfkd tebob kb`bpp^ov clo bpmb`f^iiv 

ilkd olrqbp lo clo peloq `fo`ri^qlo olrqbp tebob lkÓolrqb `e^odfkd ̀^k bk^_ib _rpbp ql ork 

`lkqfkrlrpivÁ 8fqe `roobkq _^qqbov qb`eklildv¾ ^ pr_pq^kqf^i mloqflk lc ^dbk`fbpØ ňbbqp `^k 

rpr^iiv _b bib`qofŇba tfqe grpq abmlq `e^odfkdÁ .^kv ňbbqp ^ob lmqfkd ql pq^oq tfqe qefp Ùilt 

 

1 This agency was not alone; four out of 11 transit agencies surveyed in a 2018 report experienced non-electric 

vehicles colliding with on-route charging structures [35].  
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e^kdfkd corfqÚ _bclob q^`hifkd qeb _il`hp qe^q j^v obnrfob lkÓolrqb `e^odfkdÁ 5ebob fp pqfii 

`lkpfabo^_ib rk`boq^fkqv ^p ql elt jr`e _^qqbov qb`eklildv tfii `lkqfkrb ql fjmolsb fk 

qeb `ljfkd vb^op¾ ^ka olrqbp qe^q ^ob qll ilkd ql _b bib`qofŇba qla^v tfqelrq lkÓolrqb 

`e^odfkd j^v _b mlppf_ib ql bib`qofcv fk qeb crqrobÁ  

8efib jlpq ^dbk`fbp ^ob ^slfafkd lkÓolrqb `e^odfkd tebob mlppf_ib¾ qebob ^ob pljb 

_bkbŇqp ql qefp qvmb lc `e^odfkd fk ^aafqflk ql o^kdb buqbkpflkÁ 0kÓolrqb `e^odfkd `lria 

tloh tbii clo ^dbk`fbp qe^q al klq e^sb pm^`b ^s^fi^_ib ^q abmlqp ql fkpq^ii `e^odfkd 

fkco^pqor`qrob¾ ̂ka j^v ̀ob^qb ^ `e^odfkd b`lpvpqbj qe^q fp jlob obpfifbkq ql mltbo 

lrq^dbp _b`^rpb fq fp ab`bkqo^ifwbaÁ 

-ëÀĖçíĀç vÀġíĆ ÀĀÓ sĆĲÙĖ ZÙıÙú 

0k`b ^dbk`fbp e^sb ab`faba tebob qebfo _rpbp tfii `e^odb¾ qeb kbuq pqbm fp ql abqbojfkb 

qeb ^mmolmof^qb mltbo ibsbi ^ka `e^odfkd o^qfl Êqeb krj_bo lc _rpbp mbo `e^odboËÁ 5ebpb 

ab`fpflkp ^ob fkqboÓobi^qba¾ ̂p efdebo mltbo ibsbip `lria bk^_ib b^`e ̀e^odbo ql pbosb jlob 

_rpbpÁ 

5vmf`^i _rp `e^odfkd mltbo ibsbip o^kdb colj üû ql ÷ûö h8 clo ÙpiltÚ ̀e^odfkd ^ka colj 

ùûö ql üöö h8 clo Ñc^pqÚ ̀e^odfkdÁ "q qebpb ibsbip¾ fq dbkbo^iiv q^hbp Ňsb elrop lo ibpp ql 

criiv `e^odb ^ _rp lk ^ pilt `e^odbo¾ ̂ka û ql øö jfkrqbp ql qlm lŊ ̂ _rp lk ^ c^pq `e^odbo 

ÌøÍÁ #rp _^qqbofbp e^sb ifjfqp lk elt jr`e mltbo qebv `^k ^``bmq¾ pl fq fp `or`f^i qe^q 

^dbk`fbp bkprob qe^q qeb _rpbp qebv e^sb mol`roba ^ob `^m^_ib lc q^hfkd qeb mltbo ibsbi 

qe^q qebv pbib`q clo qebfo `e^odbopÁ 

8efib jlpq ^dbk`fbp fkqbosfbtba mi^k ql e^sb lkb `e^odbo clo b^`e _rp ̂q qebfo abmlq¾ 

pljb ^dbk`fbp ^ob `lkpfabofkd pqo^qbdfbp ql pe^ob mltbo ^jlkd _rpbpÁ %lfkd pl `^k p^sb 

bnrfmjbkq `lpqp¾ rqfifqv rmdo^ab `lpqp¾ ̂ka pm^`b ^q qeb abmlqÁ )ltbsbo¾ rpfkd ^ efdebo 

_rpÓqlÓ̀ e^odbo o^qfl ̀^k fkqolar`b ^aafqflk^i mi^kkfkd ^ka lmbo^qflk^i `e^iibkdbpÁ )^sfkd 

jriqfmib _rpbp abmbkafkd lk ^ pfkdib `e^odbo ̀^k j^dkfcv qeb fjm^`qp lc ^ `e^odbo _bfkd 

lrq lc pbosf`bÁ 'roqebojlob¾ fc b^`e `e^odbo lkiv e^p lkb afpmbkpbo¾ ̂dbk`fbp j^v fk`ro 

^aafqflk^i i^_lo `lpqp ql perŊib _rpbp _bqtbbk `e^odbopÁ " krj_bo lc ^dbk`fbp ^ob dbqqfkd 

^olrka qefp fpprb _v abmilvfkd jlari^o `e^odfkd pvpqbjp qe^q pbm^o^qb qeb `e^odfkd 

`^_fkbq Êtef`e eliap qeb bib`qof`^i `e^odfkd bnrfmjbkqË colj qeb afpmbkpbo Êtef`e `^k _b 

^p pfjmib ^p ^ mird lk qeb bka lc ^ `^_ibËÁ 5efp `^k ^iilt ^dbk`fbp ql rpb jriqfmib 

afpmbkpbop clo b^`e mltbo `^_fkbq¾ ̂ilkd tfqe j^k^dba `e^odfkd plcqt^ob¾ ql 

^rqlj^qf`^iiv perŊib `e^odfkd _bqtbbk _rpbp ^ka ^slfa pfdkfŇ`^kq j^kr^i bŊloq Êpbb 

'fdrob ù ̂ka `e^mqbo lk 4lcqt^obÓ#^pba .^k^dba $e^odfkd 4lirqflkpËÁ  
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'fdrob ùÀ &74& &nrfmjbkq $lkŇdro^qflkp clo %$ '^pq $e^odbop 

 

5efp cfdrob colj (/"Øp Electric Vehicle Charging Guidebook depicts different configurations for DC Fast 

Chargers. The modular system depicted farthest to the right offers agencies flexibility to locate power 

cabinets separate from dispensers.  

Source: Gladstein Neandross & Associates [10] 

$fqfkd `lk`bokp lsbo `e^odbo obif^_fifqv¾ pljb ^dbk`fbp bumobppba ebpfq^k`b ql criiv 

lmqfjfwb qeb rpb lc b^`e `e^odboÁ 4^kq^ $i^o^ 75"¾ clo bu^jmib¾ fp mi^kkfkd ql pq^oq tfqe ^ 

lkbÓqlÓlkb o^qfl ^ka qebk ^aa jlob _rpbp lk`b qeb pvpqbj e^p abjlkpqo^qba obif^_fifqvÁ 

0qebo ^dbk`fbp rkaboq^hfkd i^odb p`^ib abmilvjbkqp ̂ob _bdfkkfkd ql `lj_fkb c^pq ^ka 

pilt `e^odbop ^q qebfo abmlqp fk loabo ql bk^_ib jlob avk^jf` `e^odfkd ^mmol^`ebpÁ $5"¾ 

clo bu^jmib¾ fp mi^kkfkd ql fkpq^ii c^pq `e^odbop fk _rp t^pe i^kbp pl qe^q b^`e _rp `^k dbq 

^ nrf`h `e^odb ofdeq tebk fq `ljbp fkql qeb abmlq ^ka qlm lŊ fk qeb jlokfkd fc kbbabaÁ 5efp 

tfii ^iilt $5" ql obar`b qeb qlq^i krj_bo lc `e^odbop kbbaba¾ p^sfkd pm^`b ^ka bnrfmjbkq 

`lpqpÁ $5"Øp wbolÓbjfppflk _rp mi^k `lkpfabop qeobb afŊbobkq d^o^db `e^odfkd pqo^qbdfbp¾ 

o^kdfkd colj ^ii pilt ̀e^odfkd ql jlpqiv c^pq `e^odfkdÁ $5" klqbp fk qebfo $e^odfkd 'lot^oa 

obmloq qe^q¾ fk mo^`qf`b¾ bsbk tfqe ^ii pilt `e^odfkd¾ ^q ib^pq lkb c^pq `e^odbo tlria ifhbiv 

^ipl _b fkpq^iiba ^q b^`e d^o^db clo j^fkqbk^k`b ^ka obpfifbk`v mromlpbp ÌþÍÁ #^pba lk 

qebfo ^k^ivpfp¾ rqfifwfkd jlob c^pq `e^odfkd obar`bp qlq^i è^odbo `lpqp¾ obar`bp mb^h mltbo 

ao^t¾ ^ka p^sbp pm^`bÁ 'lo lkb abmlq jlabiba¾ pbsbk c^pq `e^odbop ^ka kfkb pilt 

`e^odbop `^k al qeb gl_ lc þù pilt `e^odbop ÌþÍÁ )ltbsbo¾ $5" `fqbp pbsbo^i mlqbkqf^i 

`lk`bokp tfqe efde c^pq `e^odbo rqfifw^qflk¾ pr`e ^p fk`ob^pba _^qqbov abdo^a^qflk¾ ^aaba 

i^_lo `lpqp¾ ̂ka _rpbp ilpfkd `e^odb fk qeb `lia tb^qebo tefib qebv ^ob klq mirddba fkÁ  
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,fkd $lrkqv .bqol ^ka .bqol .fkkbplq^ ̂ob ^ipl mi^kkfkd ql rpb ^ `lj_fk^qflk lc c^pq ^ka 

pilt `e^odbop ^q qebfo abmlqpÁ ,fkd $lrkqvØp kbt abaf`^qba bib`qof` _rp abmlq tfii cb^qrob 

clro úûö Õ üöö h8 c^pq `e^odbop ^ka ÿü m^kqldo^me ÷öö Õ ÷ûö h8 pilt `e^odbop¾ tefib 

.bqol .fkkbplq^ mi^kp ql fkpq^ii ^q ib^pq qtl c^pq `e^odbop fk qebfo abmlq ql molsfab 

ob`lsbov `^m^_fifqfbp fk `^pb ^ _rp `ljbp fk i^qb¾ t^p rkabodlfkd j^fkqbk^k`b¾ lo afa klq 

`e^odb molmboiv lsbokfdeq ÌýÍÁ 

0sbo^ii¾ qebob ^ob lmmloqrkfqfbp ql p^sb pm^`b ^ka jlkbv fc ^dbk`fbp ^ob tfiifkd ql q^hb lk 

qeb mi^kkfkd `e^iibkdb lc mroprfkd jlob avk^jf` ̂ka s^ofba `e^odfkd pqo^qbdfbp qe^k qeb 

pfjmib lkbÓqlÓlkb _rpÓqlÓpiltÓ̀ eôdbo ̂mmol^`e ̂q qeb abmlqÁ &kprofkd obif^_fifqv tebk 

rpfkd ^ jlob `ljmibu ̀e^odfkd pqo^qbdv tfii obnrfob abq^fiba jlabifkd ^p tbii ^p lkÓqebÓ

dolrka qbpqfkdÁ "ii lc qeb ^dbk`fbp jbkqflkba ^_lsb e^a bumbofbk`b `e^odfkd bib`qof` 

qo^kpfq _rpbp moflo ql rkaboq^hfkd ^ jlob `ljmibu `e^odfkd pqo^qbdvÁ 

súĥçílĀ ıĚ MĀıÙĖġÙÓ sÀĀġĆçĖÀēë -ëÀĖçíĀç 2íĚēÙĀĚÙĖĚ 

"p ^dbk`fbp illh ql p`^ib rm abmilvjbkqp¾ mirdÓfk `e^odbop qo^afqflk^iiv rpba clo abmlq 

`e^odfkd `^k _b`ljb jlob `e^iibkdfkd ql j^k^dbÁ /b^oiv bsbov ^dbk`v fkqbosfbtba 

`lkpfabofkd ^ abmilvjbkq lc jlob qe^k Ňsb ql qbk _rpbp e^p qrokba ql lsboeb^a 

m^kqldo^me afpmbkpbop clo qebfo abmlq¾ ^ qb`eklildv qe^q efpqlof`^iiv e^a _bbk obpbosba clo 

lkÓolrqb `e^odfkdÁ  

5eb mofk`fm^i _bkbŇq qe^q fksboqba m^kqldo^me Ê4"& +ù÷öûÓ÷Ë afpmbkpbop lŊbo lsbo mirdÓfk 

afpmbkpbop fp qe^q qebv pfjmifcv qeb mol`bpp lc fkfqf^qfkd ^ka bkafkd ^ `e^odfkd pbppflkÁ 

8efib fq fp b^pv bklrde ql mird ^ka rkmird ^ ňbbq lc Ňsb ql qbk bib`qof` _rpbp¾ qe^q mol`bpp 

`^k _b`ljb _roabkpljb clo ňbbqp lc Ňcqv¾ lkb erkaoba¾ lo jlobÁ 8fqe fksboqba m^kqldo^me 

`e^odfkd¾ ̂k lmbo^qlo lo j^fkqbk^k`b pq^Ŋ jbj_bo pbqp qeb m^ohfkd _o^hb ̂ka qebk qeb 

m^kqldo^me fkfqf^qbp lo bkap qeb `e^odfkd pbppflkÁ ,fkd $lrkqv fp tlohfkd ql pfjmifcv qefp 

mol`bpp bsbk croqebo _v absbilmfkd qb`eklildv qe^q tfii ^rqlj^qf`^iiv fkfqf^qb qeb `e^odfkd 

pbppflk lk`b qeb lmbo^qlo mriip qeb _rp fk ^ka pbqp qeb m^ohfkd _o^hbÁ ,fkd $lrkqv klqba fk 

^ cliiltÓrm fkqbosfbt qe^q qebv e^sb Ňkfpeba absbilmfkd qefp qb`eklildv ^ka qe^q fq fp 

tlohfkd pr``bppcriivÁ  
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'fdrob úÀ *ksboqba 1^kqldo^me $e^odbop ^q ,fkd $lrkqv .bqolØp 5bpq $e^odfkd '^`fifqv 

 

King County MetroØp qbpq `e^odfkd c^`fifqv opened in March 2022 uses inverted pantograph dispensers 

mounted on overhead structures to charge up to nine battery-electric buses simultaneously.  

Source: King County Metro [11], [12] 

*ksboqba m^kqldo^mep ^ipl plisb ^klqebo hbv fpprb qe^q ^dbk`fbp fabkqfŇba tfqe p`^ifkd 

mirdÓfk `e^odbopÀ ̀loa j^k^dbjbkqÁ *q `^k _b a^kdbolrp ql e^sb efde sliq^db `loap i^vfkd 

^olrka ^ abmlq ^ka j^k^dfkd `loap `^k _b ^ pfdkfŇ`^kq _roabk lk lmbo^qlop ^ka 

j^fkqbk^k`b pq^ŊÁ 4ljb plirqflkp ^ob bjbodfkd pr`e ^p bib`qolkf` lsboeb^a `loa obbip¾ 

_rq m^kqldo^mep lŊbo qeb lmqflk ql objlsb `loap bkqfobivÁ  

5eb altkpfabp ql m^kqldo^me afpmbkpbop `ljm^oba ql mirdÓfk `e^odbop ^ob qe^q qebv ^ob 

jlob bumbkpfsb¾ obnrfob jlob pqor`qro^i prmmloq¾ ^ka j^v lŊbo ibpp obif^_ib 

`ljjrkf`^qflk _bqtbbk _rp ^ka `e^odbo _b`^rpb `ljjrkf`^qflk fp alkb tfobibppivÁ 

5o^afqflk^iiv¾ m^kqldo^me `e^odbop fk lkÓolrqb ^mmif`^qflkp e^sb rpba 8fÓ'f pfdk^ip ql 

`ljjrkf`^qb _bqtbbk qeb `e^odbo ^ka _rpÁ 8ebk ^dbk`fbp _bd^k abmilvfkd pbqp lc 

m^kqldo^me `e^odbop kbuq ql b^`e lqebo fk ^ abmlq pbqqfkd¾ qebv clrka qe^q qebpb 8fÓ'f 

pfdk^ip ̀lria dbq ̀olppba _bqtbbk j^kv ^ag^`bkq m^kqldo^mepÁ "p ^ obpriq¾ qeb 4"& 

.bafrj ^ka )b^svÓ%rqv 7bef`ib $lkar`qfsb $e^odfkd 5^ph 'lo`b fp absbilmfkd ^k rma^qb 

ql qeb 4"& +ù÷öû pq^ka^oa qe^q tfii rpb o^aflÓcobnrbk`v fabkqfŇ`^qflk Ê3'*%Ë q^dp o^qebo 

qe^k 8fÓ'f pfdk^ip ql fabkqfcv _rpbpÁ 5efp ^mmol^`e fp ^iob^av _bfkd mflkbboba _v ,fkd 

$lrkqv .bqolÁ 
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1irdÓfk afpmbkpbop lŊbo ^ pfjmibo ^mmol^`e qe^q e^p tlohba prŊf`fbkqiv tbii clo pbsbo^i 

Êbpmb`f^iiv pj^iiboË abmilvjbkqpÁ $loa p^cbqv fpprbp `^k _b ^aaobppba _v fkpq^iifkd 

afpmbkpbop lk lsboeb^a ̀loa obbip Êpbb 'fdrob ûËÁ  

'ibbqp pelria `lkpfabo qebfo pmb`fŇ` kbbap ^ka c^`fifqv `lkpqo^fkqp fk `lkpfabofkd qeb 

qo^ablŊ _bqtbbk qeb i^_lo `lpqp lc mirddfkd fk _rpbp ^ka qeb bnrfmjbkq `lpqp lc qeb 

m^kqldo^mep ^ka prmmloqfkd pqor`qrobpÁ 

'fdrob ûÀ 1irdÓ*k %fpmbkpbo $loa 3bbip ^q 'llqefii 5o^kpfqÐp "o`^af^ %bmlq 

 

This figure from the /^qflk^i 3bkbt^_ib &kbodv -^_lo^qlovØs Foothill Transit Battery Electric Bus 

Evaluation shows the overhead structure at Foothill 5o^kpfqØp "o`^af^ %bmlq. Plug-in charging dispensers 

drop down from motorized hose reels mounted on the gantry structure. 

Source: National Renewable Energy Laboratory [13] 
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Box 1. Designing a Charging Ecosystem is Not One -Size-Fits-All  

TriMet in Portland Oregon is a notable exception to several trends in charging 

strategy that demonstrates how agencies can tailor their charging strategy to their 

unique needs and characteristics. After an initial deployment of five buses in 

2018 and five more in 2021, Tri Met is preparing for its next deployment of 24 

buses set to arrive in 2023. TriMet has designed a unique charging strategy that 

tfii rqfifwb `bkqo^i Ù`e^odfkd fpi^kapÚ b^`e bnrfmmba tfqe ÷ø¾ ÷üö h8 `e^odbopÁ 

Buses will be manually cycled through the island overnight with the goal of 

charging 3 buses from each charger per night. The chargers are intentionally 

designed to be as simple as possible in order to ensure reliability. Each charging 

box has a single plug-in dispenser, ensuring that if one box goes down, only one 

afpmbkpbo fp ^ccb`qbaÁ 5of.bqØp lk-site staff and available space at outdoor depots 

enables this manual approach, though they did also note the need to develop 

operation and maintenance training and processes for staff to follow when things 

alkØq dl ^p mi^kkbaÁ 

µíĖÙúÙĚĚMĀÓĥÎġíıÙ -ëÀĖçíĀç 

"dbk`fbp e^sb ^ qefoa `elf`b tebk fq `ljbp ql `ellpfkd `e^odfkd afpmbkpbopÀ tfobibpp 

fkar`qfsb `e^odfkd afpmbkpbopÁ 5ebpb i^odb jbq^i `e^odfkd m^ap ̂ob prkh fkql qeb dolrka ̂ka 

tfobibppiv qo^kpcbo bib`qof`fqv ql ^ _rp m^ohba ^_lsbÁ *kar`qfsb ̀e^odfkd clo qo^kpfq _rpbp e^p 

_bbk mfilqba qeolrde ^ ê kacri lc abmilvjbkqp a^qfkd _^`h ql øö÷ú ̂ka ob`bkqiv `^jb fkql 

qeb ifjbifdeq ^p qeb qb`eklildv lc `elf`b clo "kqbilmb 7^iibv 5o^kpfq "rqelofqv Ê"75"Ë¾ qeb Ňopq 

^iiÓbib`qof` qo^kpfq ^dbk`v fk /loqe "jbof`^ Ì÷ú¾ ÷ûÍÁ "75" e^p _bbk lmbo^qfkd qtl ûö h8 

fkar`qfsb `e^odfkd pq^qflkp ̂p o^kdb buqbkabop pfk`b øö÷ý ^ka ob`bkqiv `ljjfppflkba qeobb 

kbt øûö h8 fkar`qfsb `e^odfkd pq^qflkp Ì÷üÍÁ 5ebpb lkÓolrqb fkar`qfsb pq^qflkp prmmibjbkq 

þý mirdÓfk `lkar`qfsb `e^odbop ̂q qeb abmlq  Ì÷úÍÁ  

8fobibpp `e^odfkd lŊbop ^ krj_bo lc _bkbŇqp _v bifjfk^qfkd qeb kbba clo ^kv j^kr^i 

`lkkb`qflkÁ *k lkÓolrqb ^mmif`^qflkp¾ tfobibpp `e^odbop obar`b qeb ofph lc `liifpflkp tfqe 

klkÓqo^kpfq sbef`ibp¾ l_pqor`qflkp lc ol^at^vp lo pfabt^ihp¾ ^ka s^ka^ifpjÁ 5ebv ^ob ^ipl 

^bpqebqf`^iiv mib^pfkd¾ tef`e j^v b^pb bksfolkjbkq^i mbojfqqfkd mol`bppbp fk pljb pq^qbp 

^ka ^mmb^pb obpfabkqpÁ2 *k ^ abmlq ^mmif`^qflk¾ qebpb afpmbkpbop `^k pfjmifcv qeb `e^odfkd 

 

2 Some states, including California and Washington, require visual impact assessments as part of their state 

environmental review. One agency mentioned having to implement treatments to beautify chargers in public 

places.  
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mol`bpp ^ka p^sb pm^`b¾ ^iqelrde ^k ^_lsbÓdolrka `e^odfkd `^_fkbq fp pqfii obnrfobaÁ 5eb 

mofj^ov ao^t_^`h ql tfobibpp `e^odfkd fp qeb obi^qfsb k^p`bk`v lc qeb qb`eklildv ^ka qeb 

efde `^mfq^i ^ka `lkpqor`qflk `lpqpÁ *kar`qfsb `e^odfkd fp pqfii pljb vb^op _befka `lkar`qfsb 

`e^odfkd fk qbojp lc qeb _ob^aqe lc molar`q lŊbofkdp ^ka fkqbolmbo^_fifqv tfqe ^ii _rp 

j^krc^`qrobopÁ 

zēÀÎÙ`ÙÙÓĚ 

5o^kpfqflkfkd colj ^ afbpbi ql ^k bib`qof` _rp ňbbq j^v obnrfob pfdkfŇ`^kq `e^kdbp ql 

^dbk`v c^`fifqfbp fk loabo ql ^``ljjla^qb `e^odfkd bnrfmjbkq¾ bib`qof`^i rmdo^abp¾ ^ka 

lqebo jlafŇ`^qflkp ql bufpqfkd lmbo^qflkpÁ &ib`qof`^i bnrfmjbkq¾ colj qo^kpclojbop ^ka 

ptfq`e db^o ql mltbo `^_fkbqp ^ka afpmbkpbop¾ `^k q^hb rm ^ `lkpfabo^_ib ^jlrkq lc 

pm^`bÁ 0kb lc qeb mofk`fm^i `e^iibkdbp abp`of_ba _v qo^kpfq ^dbk`fbp t p̂ qeb kbba ql 

jfkfjfwb qeb ilpp lc m^ohfkd pm^`bp fk ^iob^av `oltaba abmlqp tefib j^hfkd ollj clo qeb 

bib`qof`^i bnrfmjbkq kbbaba ql ork ^k bib`qof` ňbbqÁ 

4bsbo^i ^dbk`fbp fkqbosfbtba ^ob mobpbosfkd _rp pqlo^db pm^`b _v pbm^o^qfkd mltbo 

`^_fkbqp colj afpmbkpbopÁ 5eb mltbo ̀^_fkbq q^hbp rm jlpq lc qeb pm^`b¾ tefib qeb 

afpmbkpbo `^k _b ^p pfjmib ^p ^ mird lk qeb bka lc ^ `^_ib ̂qq^`eba ql ^ pj^ii mbabpq^i lo 

lsboeb^a prmmloqÁ %bmbkafkd lk qeb j^krc^`qrobo¾ qefp afpmbkpbo ̀^k _b rm ql ûöö cbbq 

^t^v colj qeb mltbo `^_fkbq¾ ̂iiltfkd ^dbk`fbp jlob ňbuf_fifqv fk tebob qebv il`^qb mltbo 

`^_fkbqpÁ 0kb ^dbk`v mi^kp ql mi^`b mltbo `^_fkbqp ^d^fkpq qeb t^iip lk qeb badbp lc qeb 

m^ohfkd ^ob^¾ jfkfjfwfkd ilppbp ql _rp pqlo^db `^m^_fifqvÁ  

"klqebo `ljjlk plirqflk fp ql _rfia lsboeb^a pqor`qrobp lo d^kqofbp ql jlrkq ̀e^odfkd 

bnrfmjbkqÁ 5ebpb pqor`qro^i prmmloqp j^v q^hb rm ^ cbt cbbq bsbov pbsbo^i m^ohfkd pm^`bp¾ 

_rq qebv ̂iilt clo pm^`bÓp^sfkd lsboeb^a `e^odfkd afpmbkpbop fk qeb cloj lc bfqebo fksboqba 

m^kqldo^mep lo `loa obbipÁ -" .bqol¾ tel fp m^oqf`ri^oiv pm^`b `lkpqo^fkba¾ mi^kp ql jlrkq 

mltbo ̀^_fkbqp fk ^aafqflk ql fksboqba m^kqldo^me afpmbkpbop lk lsboeb^a d^kqov 

pqor`qrobp Ê'fdrob üËÁ %bmbkafkd lk qeb pqor`qro^i fkqbdofqv lc qeb c^`fifqv¾ `loa obbip lo bsbk 

fksboqba m^kqldo^mep j^v ^iqbok^qfsbiv _b jlrkqba afob`qiv ql bufpqfkd `bfifkd pqor`qrobpÁ  
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'fdrob üÀ %bpfdk 3bkabofkd lc $e^odfkd *kco^pqor`qrob -^vlrq clo -" .bqol 

 

5efp cfdrob colj -" .bqolØp 'fk^i 3liilrq 1i^k abmf`qp gantry-mounted chargers, conduit, and associated 

pantographs above buses, with power cabinets along the outside. The design is intended to address 

space constraints at their depots.  

Source: LA Metro [6] 

.^krc^`qrobop ^ob absbilmfkd pm^`bÓp^sfkd qb`eklildfbp qe^q `lj_fkb jriqfmib mltbo 

`^_fkbqp ^ka bib`qof`^i bnrfmjbkq fkql lkb pqor`qrobÁ *k qefp t^v¾ `e^odfkd bnrfmjbkq 

`^m^_ib lc `e^odfkd rm ql øö sbef`ibp pfjriq^kblrpiv mirp jbafrjÓsliq^db qo^kpclojbo 

^ka ptfq`edb^o ̀^k _b `liil`^qba fk ^ cllqmofkq qtlÓqefoap qeb pfwb lc qeb bnrfmjbkq fc fq 

tbob fkpq^iiba fkafsfar^iiv Ì÷ýÍÁ .^krc^`qrobop ^ob ^ipl tlohfkd lk pm^`bÓp^sfkd 

^mmol^`ebp qe^q `lj_fkb &7 `e^odfkd fkco^pqor`qrob tfqe qeb fksboqbop kbbaba ql prmmloq 

pqlo^db ̂ka pli^oÁ 

&sbk tfqe qebpb pm^`bÓp^sfkd pqo^qbdfbp¾ pm^`b obj^fkp ^ pfdkfŇ`^kq `e^iibkdb¾ m^oqf`ri^oiv 

fk abkpb ro_^k il`^qflkpÁ 1^ohfkd ilpp fp fkbsfq^_ib fk jlpq `^pbp ̂ka j^kv ňbbqp ^ob 

illhfkd qlt^oap kbt c^`fifqfbp ql ^``ljjla^qb qebfo doltfkd bib`qof` _rp ňbbqpÀ  abpfdkfkd 

^ c^`fifqv clo bib`qof` _rpbp colj qeb dolrka rm fp `lkpfabo^_iv b^pfbo qe^k qovfkd ql obqolŇq 

^k bufpqfkd c^`fifqv qe^q t^p abpfdkba tfqe afbpbi _rpbp fk jfkaÁ 4fu lrq lc ÷ú ^dbk`fbp 

fkqbosfbtba bumb`q ql `lkpqor`q ^ kbt bib`qof`Óob^av abmlq ^p m^oq lc qebfo qo^kpfqflkÁ 
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fēÙĖÀġíĆĀÀú zġÀææíĀç `ÙÙÓÙÓ æĆĖ -ëÀĖçíĀç 

5eb bu^`q tlohclo`b kbbap lc ̂ dfsbk `e^odfkd abpfdk tfii abmbka eb^sfiv lk qeb p`^ib lc 

qeb abmilvjbkq¾ ̂ka lk qeb ^dbk`vØp bufpqfkd bumbofbk`b tfqe bib`qof` pvpqbjpÁ "dbk`fbp 

qe^q e^sb bumbofbk`b lmbo^qfkd bib`qof` ifdeqÓo^fi¾ qoliibv _rpbp¾ lo bsbk afbpbiÓev_ofa _rpbp 

tfii _b _bqqbo mobm^oba ql abmilv¾ lmbo^qb¾ ^ka j^fkq^fk _^qqbovÓbib`qof` _rpbpÁ "dbk`fbp 

pelria fabkqfcv d^mp fk qebfo ltk pq^Ŋfkd ^ka tloh mobbjmqfsbiv ql _rfia `^m^`fqv tfqe 

bib`qof` pvpqbjpÁ 6qfifqfbp¾ `lkpriq^kqp¾ ^ka lqebo ^dbk`fbp `^k _b bu`biibkq plro`bp lc 

âsf`b ^ka obplro`bp clo ^dbk`fbp grpq _bdfkkfkd ql c^jfif^ofwb qebjpbisbp tfqe bib`qof` 

qb`eklildvÁ  

&ib`qof` _rpbp e^sb afŊbobkq lmbo^qflk^i obnrfobjbkqp qe^k afbpbi _rpbpÁ 'lo bu^jmib¾ 

^dbk`fbp jrpq ab`fab tel fp obpmlkpf_ib clo mirddfkd ^ka rkmirddfkd _rpbp ql `e^odfkd 

bnrfmjbkq lo qrokfkd lk m^kqldo^me `e^odfkd¾ ^ka tel tfii perŊib _rpbp _bqtbbk 

`e^odbop¾ fc obnrfobaÁ 5o^kpfq ^dbk`v pq^Ŋ `lkqo^`qp j^v e^sb obpqof`qflkp lk tel `^k 

e^kaib efde sliq^db bnrfmjbkqÁ 0kb ^dbk`v fkqbosfbtba ^aaba ^aafqflk^i pefcqp clo 

j^fkqbk^k`b pq^Ŋ ql `ljb fk ql rkmird _rpbp fk qeb jlokfkd¾ ^p _rp lmbo^qlop `lria klq 

mbocloj crbifkd crk`qflkp rkabo qebfo bufpqfkd `lkqo^`qÁ "dbk`fbp pelria bkd^db 

j^fkqbk^k`b pq^Ŋ ^ka ^kv obibs^kq i^_lo rkflkp b^oiv fk qeb qo^kpfqflk ql rkabopq^ka elt 

kbt bib`qof` _rp lmbo^qflkp Ňq fkql bufpqfkd `lkqo^`qpÁ  

"dbk`fbp `^k abpfdk qebfo `e^odfkd pqo^qbdv ql jfkfjfwb lmbo^qflk^i `e^kdbpÁ 'lo bu^jmib¾ 

^k ^dbk`v tfqe ^abnr^qb lsbokfdeq pq^Ŋfkd j^v lmq ql fkpq^ii pfjmib mirdÓfk `e^odbop ^ka 

j^kr^iiv jlsb _rpbp _bqtbbk qebj Êpbb qeb 5of.bq bu^jmib fk #lu ÷ËÁ "iqbok^qfsbiv¾ ^ 

pq^ŊÓ̀ lkpqo^fkba ^dbk`v j^v rpb ^rqlj^qba m^kqldo^me afpmbkpbop pl qe^q pq^Ŋ ^ob klq 

kbbaba ql fkfqf^qb lo bka `e^odfkd pbppflkpÁ "dbk`fbp `^k ^ipl rpb ^ j^k^dba `e^odfkd 

plcqt^ob plirqflk ql pefcq `e^odb _bqtbbk _rpbp arofkd qeb kfdeq tfqelrq e^sfkd ql 

mevpf`^iiv obil`^qb qeb _rpbp Êpbb 4lcqt^obÓ#^pba .^k^dba $e^odfkd 4lirqflkp ̀e^mqboËÁ 

zÙĕĥÙĀÎíĀç-ëÀĖçíĀçEÀÎíúíġíÙĚˊ EĖĆÿsíúĆġ ġĆEĥúú8úÙÎġĖíæíÎÀġíĆĀ 

"dbk`fbp ^ob q^hfkd j^kv afŊbobkq ^mmol^`ebp ql `ellpfkd tef`e abmlqp ^ka _il`hp ql 

_bdfk tfqe lk qebfo bib`qofŇ`^qflk glrokbvÁ .lpq ^dbk`fbp e^sb pq^oqba tfqe ^ mfilq molgb`q lc 

Ňsb ql qbk _rpbpÁ 5efp mfilq ep̂ qvmf`^iiv _bbk fkqbkaba ql _rfia prmmloq clo bib`qof` _rpbp¾ 

qbpq fkco^pqor`qrob ^ka mol`bppbp¾ ̂ka absbilm fkqbok^i bumbofbk`b ^ka ib^okfkdpÁ "dbk`fbp 

e^sb `ljjlkiv pbib`qba moljfkbkq¾ sfpf_ib _rp olrqbp ^kaÇlo olrqbp qe^q croqebo 

bksfolkjbkq^i grpqf`b lrq`ljbpÁ "p ^dbk`fbp _bdfk ql p`^ib¾ j^kv ^ob q^odbqfkd qeb abmlqp 

qe^q obnrfob qeb ib^pq jlafŇ`^qflk¾ q^hfkd fkql ^``lrkq ^s^fi^_ib pbosf`b `^m^`fqv¾ pm^`b 

`lkpqo^fkqp¾ qeb kbba clo c^`fifqv rmdo^abp¾ ^ka ltkbopefmÇb^pbjbkq `lkpfabo^qflkpÁ  

/bt :loh $fqv 5o^kpfqØp jlpq pfdkfŇ`^kq `lkpqo^fkq fp bib`qof` pbosf`b `^m^`fqvÁ "p ^ obpriq¾ 

qebv ^ob pmob^afkd lrq qebfo fkfqf^i abmilvjbkqp ql j^hb rpb lc qeb ^s^fi^_ib mltbo 
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^s^fi^_ib ^q b^`e abmlq ^ka j^k^dfkd rqfifqv rmdo^abp tebob kb`bpp^ovÁ %lfkd pl tfii 

bk^_ib qeb ^dbk`v ql abmilv üö _rpbp ^`olpp Ňsb afŊbobkq abmlqp tfqelrq pfdkfŇ`^kq 

rmdo^abp ^q ^ii _rq lkb abmlqÁ   

-" .bqol¾ lk qeb lqebo e^ka¾ fp mofj^ofiv pm^`b `lkpqo^fkbaÁ 5ebv ^ob bib`qofcvfkd b^`e 

abmlq fk fqp bkqfobqv lkb ^q ^ qfjb¾ pq^oqfkd tfqe qeb abmlqp qe^q e^sb bklrde pm^`b lk pfqb 

pl ^p klq ql e^sb ql afpmi^`b _rpbp arofkd `lkpqor`qflk¾ ̂ka p^sfkd qeb jlpq pm^`bÓ

`lkpqo^fkba abmlqp clo i^pq ÌüÍÁ  

$"-45"35 ^asfpba qe^q ^dbk`fbp pelria ̂ipl `lkpfabo tebqebo qebv ltk¾ ib^pb¾ lo pe^ob ^ 

abmlq tebk pbnrbk`fkd bib`qofŇ`^qflkÁ "dbk`fbp j^v ork fkql `e^iibkdbp fk fksbpqfkd fk 

fjmolsbjbkqp ^q ib^pba c^`fifqfbp¾ arb ql ofph lc obil`^qfkd¾ ̂ka rqfifqfbp j^v ^ipl _b 

ebpfq^kq ql rmdo^ab pbosf`b `lkkb`qflkp fc ilkdÓqboj abj^ka fp klq dr^o^kqbbaÁ -" .bqol 

abp`of_ba `e^iibkdbp `lloafk^qfkd b^pbjbkqp ^q ^ pe^oba molmboqv tebob `lkpqor`qflk 

tlria fjm^`q m^ohfkd pm^`bp _bilkdfkd ql ^ afŊbobkq mr_if` ^dbk`vÁ 

"jlkd olrqbp qe^q `^k _b cb^pf_iv bib`qofŇba¾ pljb qo^kpfq ^dbk`fbp ^ob moflofqfwfkd olrqbp 

fk `ljjrkfqfbp qe^q e^sb efpqlof`^iiv bumbofbk`ba efde ibsbip lc ^fo mliirqflkÁ 'lo bu^jmib¾ 

aŜǘǊƻǇƻƭƛǘŀƴ ¢Ǌŀƴǎƛǘ !ǳǘƘƻǊƛǘȅ ƻŦ IŀǊǊƛǎ /ƻǳƴǘȅ fp mi^kkfkd ql Ňopq bib`qofcv olrqbp pbosfkd 

`ljjrkfqfbp afpmolmloqflk^qbiv ^Ŋb`qba _v sbef`ib bjfppflkp¾ "i^jba^Ó$lkqo^ $lpq^ 

5o^kpfq %fpqof`q Ê"$ qo^kpfqË fp moflofqfwfkd olrqbp fk afp^as^kq^dba `ljjrkfqfbp Ê̂ p abŇkba 

_v $^ifclokf^ 4# ûùûË¾ ^ka .bqol 5o^kpfq absbilmba ^k bnrfqv ^ka bksfolkjbkq^i grpqf`b 

moflofqfw^qflk qlli qeolrde `ljjrkfqv bkd^dbjbkq qe^q tfii afob`qiv fkcloj abmilvjbkq 

ab`fpflkp ̂q qeb _il`h ibsbi Ì÷þÍ Ì÷ÿÍ ÌýÍÁ 

*k qeb b^oiv mfilq pq^dbp¾ _^qqbov bib`qof` _rpbp j^v bumbofbk`b jlob altkqfjb qe^k afbpbi 

_rpbp ̂p qb`eklildfbp ^ob qbpqba ^ka ^dbk`fbp ^a^mq ql kbt lmbo^qflkpÁ "dbk`fbp pelria 

rkaboq^hb prŊf`fbkq mi^kkfkd ^ka qbpqfkd ql bkprob qe^q qebv `^k j^fkq^fk obif^_ib pbosf`b 

lk qebpb olrqbp ̂ka ^slfa kbd^qfsbiv fjm^`qfkd qeb `ljjrkfqfbp qe^q qebv pbbh ql _bkbŇqÁ 

*q fp bpmb`f^iiv `ofqf`^i ql dr^oa ^d^fkpq mlqbkqf^i fjm^`qp ql pbosf`b obif^_fifqv fk 

bksfolkjbkq^i grpqf`b `ljjrkfqfbpÁ 

" krj_bo lc fkqbosfbtbbp prddbpqba qe^q¾ tebob mlppf_ib¾ fq fp fjmloq^kq clo ^dbk`fbp 

rkaboq^hfkd mfilq molgb`qp ^ka pj^iiÓp`^ib abmilvjbkqp ql bkprob qe^q qeb `lk`bmqp rpba 

tfii _b ^_ib ql p`^ib ql i^odbo abmilvjbkqpÁ 4bsbo^i ^dbk`fbp fkqbosfbtba ^ob rpfkd mfilq 

abmilvjbkqp ^p ^k lmmloqrkfqv ql qbpq p`^i^_ib `e^odfkd pqo^qbdfbpÁ 8efib fq j^v obnrfob 

jlob tloh fkfqf^iiv¾ qebpb ^dbk`fbp tfii _b tbii mobm^oba tebk fq `ljbp qfjb ql p`^ibÁ 

'roqebo¾ rqfifwfkd obmif`^_ib pqo^qbdfbp colj qeb _bdfkkfkd ̀^k ^slfa qeb lmbo^qflk^i 

eb^a^`eb lc e^sfkd jfpj^q`eba `e^odfkd fkco^pqor`qrob ibcq lsbo colj mfilq abmilvjbkqpÁ 

,fkd $lrkqv .bqol¾ clo bu^jmib¾ fp abpfdkfkd ^ úöÓ_rp mfilq tfqe ^ cl`rp lk ̂rqlj^qba 

m^kqldo^me `e^odfkd ^ka j^k^dba `e^odfkd plcqt^ob qe^q qebv elmb tfii bk^_ib qebj ql 

p`^ib ql qebfo ňbbq lc jlob qe^k ÷¾ûöö _rpbpÁ "iob^av¾ qebv ^ob absbilmfkd hbv ib^okfkdp 



%bmilvfkd $e^odfkd *kco^pqor`qrob clo &ib`qof` 5o^kpfq #rpbp 

÷ÿ 

qe^q tfii ebim qebj p`^ib jlob o^mfaiv¾ pr`e ^p Ňkb qrkfkd ^ pvpqbj qe^q ^rqlj^qf`^iiv 

`lkkb`qp qeb m^kqldo^me tebk qeb _rp m^ohpÁ 5efp qb`eklildv tfii ^slfa qeb kbba clo ^k 

lmbo^qlo ql ňfm ^ ptfq`e ql bkd^db qeb m^kqldo^me¾ ^ obi^qfsbiv jfklo fk`lksbkfbk`b tfqe úö 

_rpbp _rq ^ jlob pfdkfŇ`^kq lmbo^qflk^i rkaboq^hfkd tfqe ÷¾ûööÁ  

4^kq^ $i^o^ 75" fp pfjfi^oiv ^mmol^`efkd bib`qofŇ`^qflk tfqe p`^ib fk jfkaÁ 75"Øp mi^k fp ql 

bib`qofcv qebfo ňbbq fk ùú _rp _il`hp¾ tef`e olrdeiv `lfk`fabp tfqe qeb pfwb lc qeb bufpqfkd 

m^ohfkd _il`hp ^q qebfo abmlqpÁ 5ebv e^sb abpfdkba ^ jf`oldofa plirqflk qe^q rpbp lsboeb^a 

pqor`qrobp ql prmmloq _lqe pli^o m^kbip ^ka m^kqldo^me `e^odfkd afpmbkpbopÁ 

4fjriq^kblrpiv¾ qebv ^ob rpfkd ^k fkqbdo^qba ÷ .8 mltbo ̀^_fkbq tfqe ^ `lkq^fkba 

qo^kpclojbo qe^q `^k ^``bmq jbafrj sliq^db pqo^fdeq colj qeb dofaÁ 0k`b qefp ^mmol^`e fp 

qbpqba ^ka molsbk¾ fq `^k _b b^pfiv obmif`^qba fk ùúÓ_rp fk`objbkqpÁ 

4qfii¾ ^ krj_bo lc ^dbk`fbp bumobppba cbbifkd lsbotebijba ^ka rkaboÓobplro`ba tebk fq 

`ljbp ql mi^kkfkd clo bib`qofŇ`^qflkÁ 5efp `^k ib^a ^dbk`fbp ql fjmibjbkq plirqflkp qe^q 

cbbi jlpq cb^pf_ib kb^oÓqboj ^ka `olpp qeb jlob `e^iibkdfkd _ofadbp ^p qebv `ljbÁ 'lo 

bu^jmib¾ lkb ^dbk`v fp rpfkd t^iiÓjlrkqba mirdÓfk `e^odbop tfqe qebfo mfilq _rpbp bsbk 

qelrde qebv hklt qe^q qebv al klq e^sb qeb pm^`b lo qeb i^_lo ql p`^ib pq^kaÓ̂ ilkb mirdÓfk 

`e^odbop ql qeb obj^fkabo lc qebfo ňbbqÁ *kqbosfbtbbp prddbpqba pbbhfkd lrqpfab bumboqfpb 

colj ̀lkpriq^kqp¾ bkdfkbbofkd Ňojp¾ /(0p¾ rqfifqfbp¾ ^kaÇlo lqebo qo^kpfq ^dbk`fbp ql ^ppfpq 

tfqe fkfqf^i mi^kkfkd ^ka obar`b lsbotebijÁ 

¦ġíúíġĴ 8ĀçÀçÙÿÙĀġ 

&ib`qof` rqfifqfbp e^sb lkb lc qeb jlpq pfdkfŇ`^kq olibp ql mi^v fk absbilmjbkq ^ka 

bub`rqflk lc ^ qo^kpfq ^dbk`vØp _rp bib`qofŇ`^qflk qo^kpfqflk mi^kÁ 5ebob fp tfab ^dobbjbkq 

^`olpp mr_ifpeba obpb^o`e qe^q qo^kpfq ^dbk`fbp pelria bkd^db qebfo rqfifqfbp b^oiv fk qeb 

mol`bpp lc bib`qofcvfkd qebfo _rp ňbbqp¾ ^ka tebk ^phba te^q ^ qo^kpfq ^dbk`vØp Ňopq pqbm 

pelria _b¾ ÷ú lrq lc øû fkqbosfbtba qo^kpfq ^dbk`fbp ^ka rqfifqfbp bjme^pfwba qeb 

fjmloq^k`b lc bkd^dfkd tfqe rqfifqfbp b^oivÁ .bqol 5o^kpfq fk .fkkb^mlifp¾ .fkkbplq^¾ pq^qba 

qe^q lkb lc qebfo hbv ^ob^p lc pr``bpp t^p fk bpq^_ifpefkd dlla fkqbo^dbk`v obi^qflkpefmp 

tfqe bib`qof`^i pmb`f^ifpqp ^q qebfo rqfifqv¾ 9`bi &kbodvÁ  

$e^odfkd bib`qof` _rpbp obnrfobp pr_pq^kqf^i bib`qof`^i `^m^`fqv ^ka¾ fk j^kv `^pbp¾ tfii 

obnrfob rmdo^abp ql bib`qof`^i fkco^pqor`qrobÁ 6qfifqfbp molsfab bppbkqf^i fkcloj^qflk ^_lrq 

elt ilkd qebpb rmdo^abp tfii q^hb ^ka elt jr`e qebv tfii `lpq qeb qo^kpfq ^dbk`vÁ 

6mdo^abp `^k q^hb ^ ilkd qfjb ql `ljmibqb¾ fk pljb `^pbp vb^op¾ pl fq fp bppbkqf^i clo 

qo^kpfq ^dbk`fbp ql `lkpriq tfqe qebfo rqfifqv b^oivÁ 1^`fŇ` (^p ½ &ib`qof` Ê1(½&Ë klqba qe^q 

b^oiv rqfifqv bkd^dbjbkq fp bpmb`f^iiv `ofqf`^i clo qo^kpfq ^dbk`fbp tel fkqbka ql fkpq^ii pli^o 

lo pqlo^db ^q qebfo `e^odfkd c^`fifqfbp¾ pfk`b qebpb qb`eklildfbp qofddbo rkfnrb 

fkqbo`lkkb`qflk mol`bppbp qe^q `^k q^hb qfjbÁ   
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*k loabo ql rkabopq^ka elt qo^kpfq ^dbk`fbp ^ka rqfifqfbp `^k _bpq tloh qldbqebo lk _rp 

bib`qofŇ`^qflk¾ fq fp rpbcri ql rkabopq^ka qeb afŊbobkq qvmbp lc bib`qof`^i fkco^pqor`qrob 

kbbaba ql prmmloq `e^odbop ^ka tef`e m^oqp lc qeb pvpqbj qo^kpfq ^dbk`fbp ^ob dbkbo^iiv 

obpmlkpf_ib clo crkafkdÁ *k dbkbo^i¾ qefp fkco^pqor`qrob `^k _b _olhbk altk fkql qeobb 

pbdjbkqp¾ fiirpqo^qba fk 'fdrob ýÁ  

¶ Utility-side make-ob^av fkco^pqor`qrob Ê^ipl `^iiba Ùifkb buqbkpflkÚ fkco^pqor`qrobË 

¶ Customer-side make-ready infrastrù qrob Ê^ipl `^iiba Ùbib`qof` sbef`ib prmmiv 

fkco^pqor`qrobÚË¾ ^ka  

¶ The chargers themselves (also called the electric vehicle supply equipment 

ÊÙ&74&ÚËËÁ  

%bmbkafkd lk qeb rqfifqv qe^q pbosbp qebj¾ ^ qo^kpfq ^dbk`v `lria _b obpmlkpf_ib clo m^oq lo 

^ii lc qeb `lpq lc ^ii qeobb pbdjbkqpÁ 5eb 'fk^k`fkd $e^odfkd `e^mqbo molsfabp bu^jmibp lc 

qeb hfkap lc moldo^jp ^s^fi^_ib ^q pljb rqfifqfbp ql lŊpbq `lpqp¾ pljbqfjbp pfdkfŇ`^kqivÁ 

-^odb qo^kpfq ^dbk`fbp tfqe pr_pq^kqf^i bib`qofŇ`^qflk mi^kp j^v ^ipl e^sb qeb lmqflk lc 

q^hfkd ×mofj^ov pbosf`bØ colj qebfo rqfifqv¾ tebob qeb qo^kpfq ^dbk`v ltkp qeb bib`qof`^i 

fkco^pqor`qrob qe^q fp kloj^iiv lk qeb rqfifqvØp pfab lc qeb jbqbo ^ka q^hbp pbosf`b afob`qiv 

colj qebfo rqfifqvØp mofj^ov¾ efdeÓsliq^db ifkbpÁ "dbk`fbp pelria ob^`e lrq ql qebfo rqfifqv ql 

abqbojfkb te^q `lpq pe^ob ^ka moldo^j lmqflkp jfdeq _b ^s^fi^_ibÁ  

'fdrob ýÀ &ib`qof` #rp $e^odfkd *kco^pqor`qrob 

 

This figure illustrates utility-side make-ready infrastructure, customer-side make-ready infrastructure, 

the charger/EVSE for electric bus charging stations.  

Source: San Diego Gas & Electric® Company [20] 
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EĥġĥĖÙ sĖĆĆæíĀç 

5ebob ^ob pbsbo^i obi^qfsbiv pfjmib crqrob mollŇkd pqbmp qe^q qo^kpfq ^dbk`fbp `^k q^hb ql 

iltbo qeb `lpq lc crqrob `e^odfkd fkco^pqor`qrob abmilvjbkqÁ $ljjlk ob`ljjbka^qflkp 

colj fkqbosfbtbbp fk`iraba fkpq^iifkd `lkarfq clo jlob `e^odbop qe^k grpq qeb `roobkq 

abmilvjbkq ̂ka i^vfkd qo^kpclojbo m^ap fk ^kqf`fm^qflk lc ̂aafqflk^i qo^kpclojbop fk qeb 

crqrobÁ 'lo qo^kpfq ^dbk`fbp tel `ellpb ql fkpq^ii buqo^ `lkarfq clo crqrob bum^kpflk¾ 

lsbopfwfkd ̀lkarfq t^p ob`ljjbkaba fk `^pb crqrob efdeboÓmltbo `e^odbop obnrfob i^odbo 

`lkarfqÁ 0kb qo^kpfq ^dbk`v abp`of_ba qefp ^p ^k fjmloq^kq ibpplk ib^okba pfk`b qebv 

fkpq^iiba buqo^ `lkarfq _rq qebk kbbaba ql obÓqobk`e ^ka fk`ob^pb qeb `lkarfq pfwb fk loabo 

ql ^``ljjla^qb efdebo mltbo `e^odbopÁ -lkdÓo^kdb mi^kkfkd `^k ^iilt croqebo crqrob 

mollŇkd _v rqfifqfbp¾ bk^_ifkd qebj ql j^hb qo^kpclojbo¾ pr_pq^qflk¾ ^ka lqebo rmdo^abp ql 

pbosb qeb qo^kpfq ^dbk`vØp ilkdboÓqboj mltbo kbbap¾ o^qebo qe^k mboclojfkd jlob 

fk`objbkq^i rmdo^abp tef`e qbka ql _b jlob `lpqiv ^ka j^v q^hb ilkdbo lsbo^iiÁ 8ebk 

^phba te^q qo^kpfq ^dbk`fbp `^k al ql c^`fifq^qb pr`e crqrob mollŇkd¾ j^kv fkqbosfbtbbp 

bjme^pfwba qeb s^irb lc Ňoj¾ ilkdÓqboj bib`qofŇ`^qflk mi^kp tfqe `ib^o ab^aifkbpÁ 5eobb 

fkqbosfbtbbp bumi^fkba qe^q qebfo rqfifqfbp tfii dbkbo^iiv lkiv fksbpq fk bib`qof`^i dofa 

rmdo^abp ql pbosb il^a qebv ^ob `lkŇabkq tfii _b rpbaÁ  

&sbk tfqe pr`e mi^kkfkd¾ qebob fp ifhbiv pqfii ^ ifjfq ql elt jr`e crqrob mollŇkd ^ rqfifqv tfii 

_b ^_ib ql molsfabÁ 'lo bu^jmib¾ 1(½&Øp &7 'ibbq 1oldo^j¾ tef`e lŊbop fkco^pqor`qrob 

rmdo^abp clo 5o^kpfq "dbk`fbp ^ka lqebo jbafrjÓ ̂ka eb^svÓarqv sbef`ib `e^odfkd pfqbp¾ 

tfii lkiv molsfab bklrde `^m^`fqv ql prmmloq qeb sbef`ibp qe^q qeb pfqb `ljjfqp ql 

abmilvfkd lsbo qeb kbuq Ňsb vb^opÁ 5efp obar`bp qeb mlqbkqf^i clo pqo^kaba ^ppbqp fc mi^kp 

`e^kdb lo dbq p`^iba _^`hÁ  

4ljb qo^kpfq ^dbk`fbp fkqbosfbtba abp`of_ba `e^iibkdbp ^ppl`f^qba tfqe molsfafkd qebfo 

rqfifqv tfqe Ňoj¾ ilkdÓqboj mi^kpÁ 'lo bu^jmib¾ 354 bumi^fkba qe^q qebfo bib`qof` _rp 

abmilvjbkq p`ebarib fp abmbkabkq lk ^s^fi^_ib crkafkd¾ tef`e fp rk`boq^fk¾ ^ka qebobclob 

fq fp `e^iibkdfkd ql molsfab qeb `lk`obqb abmilvjbkq qfjbifkbp qe^q qebfo rqfifqv e^p 

obnrbpqbaÁ 5efp qo^kpfq ^dbk`v fp qebobclob q^hfkd ^k fk`objbkq^i ^mmol^`e ÓÓ lkiv j^hfkd 

rqfifqv rmdo^abp kb`bpp^ov ql prmmloq kb^oÓqboj `e^odfkd kbbapÁ -b^afkd ^dbk`fbp¾ pr`e ^p 

/bt :loh $fqv 5o^kpfq¾ ^ob _rfiafkd bib`qofŇ`^qflk ^ka mlqbkqf^i crqrob abmlq rmdo^abp fkql 

qebfo `^mfq^i mi^kkfkd mol`bppbpÁ  

8úÙÎġĖíÎíġĴ +íúúĚ 

6qfifqfbp ^ob ^ipl s^ir^_ib m^oqkbop fk ebimfkd qo^kpfq ^dbk`fbp rkabopq^ka elt qebfo 

bib`qof`fqv _fiip tfii `e^kdb ^p qebv abmilv bib`qof` _rpbp ^ka elt qebv `^k jfkfjfwb qebfo 

_fiipÁ 4bsbo^i rqfifqfbp lŊbo o^qbp pmb`fŇ`^iiv abpfdkba clo qo^kpfq _rpbp¾ pr`e ^p qfjbÓlcÓrpb 

o^qbp qe^q ifkb rm tfqe qo^kpfq _rp p`ebaribp¾ lo abj^ka `e^odb obifbc moldo^jpÁ 'lo jlob 
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abq^fiba fkcloj^qflk qeb afŊbobkq qvmbp lc o^qb lmqflkp ^ka qebfo fjm^`q lk bib`qof` _rpbp¾ 

pbb qeb 4lcqt^obÓ#^pba .^k^dba $e^odfkd 4lirqflkp ̀e^mqboÁ 

súÀĀĀíĀç æĆĖ GĖíÓ vÙĚíúíÙĀÎÙ 

3bpfifbk`b ql mltbo lrq^dbp e^p d^fkba fk`ob^pba cl`rp ^jlkd qo^kpfq ^dbk`fbp fk ob`bkq 

vb^op ^p ňbbqp _bdfk ql jlsb qlt^oap crii p`^ib abmilvjbkqp ^ka `ifj^qb bsbkqp fkqbkpfcvÁ 

" krj_bo lc afŊbobkq ^mmol^`ebp ^ob `roobkqiv _bfkd fksbpqfd^qba ^ka mfilqba _v ^dbk`fbp 

^ka qeb obpb^o`e `ljjrkfqvÁ3 "q qefp pq^db¾ kl lkb ^mmol^`e e^p bjbodba ^p ^ lkbÓpfwbÓ

ŇqpÓ̂ ii pfisbo _riibqÁ 

5ebob ^ob pbsbo^i mofk`fm^ip qe^q elia qorb obd^oaibpp lc qeb `elpbk dofa obpfifbk`b plirqflkÁ 

'fopq¾ kl plirqflk tfii molsfab ÷öö mbo`bkq pbosf`b `^m^`fqv fk ÷öö mbo`bkq lc bjbodbk`fbpÁ 

%bsbilmfkd ^ obpfifbk`v mi^k tfii ebim ^dbk`fbp abqbojfkb qeb pfqr^qflkp qe^q qebv kbba ql 

mobm^ob clo ^ka te^q ibsbi lc pbosf`b qebv kbba ql molsfab fk b^`e pfqr^qflkÁ 4b`lkaiv¾ clo 

j^kv ^dbk`fbp¾ obpfifbk`b tfii _b`ljb ̂ jlob pfdkfŇ`^kq `lk`bok lk`b qebfo ňbbq ob^`ebp 

efde ibsbip lc bib`qof` _rp mbkbqo^qflkÁ 0kb ^dbk`v jbkqflkba hbbmfkd ^ pj^ii obpbosb lc 

klkÓbib`qof` _rpbp qe^q `^k _b rpba ^p _^`hrm fk `^pb lc mltbo lrq^dbpÁ 'fk^iiv¾ ňbbqp 

pelria q^hb ^ pvpqbjÓtfab ^mmol^`e ql obpfifbk`bÁ "dbk`fbp tfqe jlob ab`bkqo^ifwba 

`e^odfkd Õ jriqfmib bib`qofŇba abmlqp lo jlob lkÓolrqb `e^odfkd il`^qflkp Õ j^v e^sb jlob 

_rfiqÓfk obpfifbk`b ^d^fkpq il`^i lrq^dbpÁ 5eb jlob mi^`bp _rpbp `^k ̀e^odb¾ qeb jlob 

obpfifbkq qeb ^dbk`fbpØ pvpqbj tfii _b ^p ^ telibÁ 

2ÙıÙúĆēíĀç ÀsúÀĀ 

5eb Ňopq pqbm clo ^dbk`fbp fp ql absbilm ^ obpfifbk`v mi^kÁ *kqbosfbtbbp prddbpqba qe^q fq fp 

fjmloq^kq clo ^dbk`fbp ql abŇkb bu^`qiv te^q obpfifbk`b jb^kp clo qebfo lmbo^qflkp¾ ^ka 

te^q ofphp qebv ^ob `ljcloq^_ib q^hfkdÁ 3fphp j^v s^ov obdflk^iivÁ *kqbosfbtbbp fk 

$^ifclokf^¾ clo bu^jmib¾ jbkqflkba mr_if` p^cbqv mltbo perqlŊp _v rqfifqfbp fk obpmlkpb ql 

Ňob a^kdboÁ 8efib fq fp kb^oiv fjmlppf_ib ql mobm^ob clo ^ jriqfÓa^v¾ pvpqbjÓtfab 

`^q^pqolmef` lrq^db¾ ^dbk`fbp `^k fabkqfcv ^ka mobm^ob clo `ljjlk afpormqflkp ql qebfo 

bib`qof`^i pbosf`bÁ  

$5& ob`ljjbkap qe^q ^dbk`fbp obnrbpq obif^_fifqv obmloqp colj qebfo rqfifqv ql pqrav tebob¾ 

elt lcqbk¾ ^ka elt ilkd mltbo lrq^dbp e^sb l``rooba ̂q qebfo abmlqpÁ 'olj ebob¾ ^dbk`fbp 

 

3 'lo bu^jmib¾ rm`ljfkd obpb^o`e rkabo qeb /^qflk^i "`^abjfbp lc 4`fbk`bp¾ &kdfkbbofkd¾ ^ka .baf`fkbØp 

Transit Cooperative Research Program will study resilience and emergency response planning for zero-

emission fleets [36].  
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`^k abŇkb qeb _^pb ibsbi lc pbosf`b qe^q kbbap ql _b molsfaba fk ^k bjbodbk`vÁ 5efp 

jfkfjrj pbosf`b obnrfobjbkq j^v abmbka lk qeb qvmb lc bjbodbk`vÁ  

#v ^k^ivwfkd qeb `e^o^`qbofpqf`p ^ka cobnrbk`v lc mltbo lrq^dbp ^d^fkpq qeb jfkfjrj 

pbosf`b obnrfobjbkqp arofkd ^k bjbodbk`v¾ ^dbk`fbp `^k bpqfj^qb qebfo mltbo kbbap 

arofkd ^k bjbodbk`v ^ka fc kbbaba¾ fjmibjbkq plirqflkp ql molsfab qeb kb`bpp^ov ibsbi lc 

mltboÁ 3bpfifbk`v plirqflkp `^k _b bumbkpfsb ^ka ^ob o^obiv rpba _rq j^v _b `or`f^i fk qeb 

bsbkq lc ^k lrq^dbÁ "dbk`fbp j^v _bkbŇq colj q^ihfkd ql lqebo bkqfqfbp tfqe bpq^_ifpeba 

bjbodbk`v obpmlkpb mi^kp¾ pr`e ^p p`ellip ^ka elpmfq^ip¾ ql ib^ok colj qebfo bumbofbk`bp 

Ì÷ÍÁ  

*kqbosfbtbbp fabkqfŇba clro mlqbkqf^i dofa obpfifbk`b plirqflkpÀ 

¶ Grid hardening 

¶ Generator port + mobile power source 

¶ Redundant electric service 

¶ Microgrid 

5eb obj^fkabo lc qefp `e^mqbo molsfabp abq^fi lk b^`e lc qebpb plirqflkpÁ 

vÙĚíúíÙĀÎÙzĆúĥġíĆĀ ˊ GĖíÓ KÀĖÓÙĀíĀç 

5eb jlpq `ljjlk lrq^dbp ^ob `^rpba _v ^ qobb c^iifkd lk ^ ifkb¾ ^k ^kfj^i `ebtfkd 

qeolrde ^ mltbo _lu¾ ^ sbef`ib orkkfkd fkql bnrfmjbkq¾ lo lqebo pfjfi^o fpli^qba `^pbpÁ 

6qfifqfbp ^ob tlohfkd e^oa ql fjmolsb qeb lsbo^ii obpfifbk`b lc qeb bib`qof`^i dofa ql qebpb 

qvmbp lc fk`fabkqpÁ *kqbosfbtbbp prddbpqba qe^q ^dbk`fbp pelria pmb^h tfqe qebfo rqfifqv ql 

abqbojfkb te^q fp mlppf_ib fk qbojp lc dofa e^oabkfkd ql obar`b qeb cobnrbk`v lc lrq^dbp ^q 

qebfo il`^qflkÁ  

6qfifqfbp ^ob ^ipl mflkbbofkd pqo^qbdfbp ql obar`b qeb fjm^`q lc i^odbÓp`^ib lrq^dbp colj 

eroof`^kbp¾ pkltpqlojp¾ lo tfiaŇobpÁ "dbk`fbp j^v t^kq ql _b fkslisba fk qebpb mol`bppbp 

ql bkprob qe^q qebfo lmbo^qflkp ^ob _bfkd moflofqfwba fk ^kv ilkdÓqboj obpfifbk`b mi^kkfkdÁ 

vÙĚíúíÙĀÎÙzĆúĥġíĆĀ +ˊ GÙĀÙĖÀġĆĖ sĆĖġ ̝ _ĆÌíúÙ sĆĲÙĖ zĆĥĖÎÙ 

(bkbo^iiv¾ qeb `eb^mbpq ^ka b^pfbpq t^v ql molsfab obpfifbk`b fp qeolrde ^ dbkbo^qlo mloq 

`lj_fkba tfqe ^ jl_fib mltbo plro`b pr`e ^p ^ dbkbo^qlo lo _^qqbov _^khÁ 'olj ^ 

qb`ekf`^i pq^kamlfkq¾ fq fp c^foiv b^pv ql ^aa ^ dbkbo^qlo mloq ql ^k bib`qof`^i pvpqbj arofkd 

`lkpqor`qflk qe^q ̀^k _b `ljm^qf_ib tfqe ^ o^kdb lc ^s^fi^_ib jl_fib plro`b lmqflkpÁ 

$roobkqiv¾ qeb jlpq `lpqÓbŊb`qfsb jl_fib mltbo plro`b fp ifhbiv ql _b ^ afbpbi¾ molm^kb¾ lo 

k^qro^i d^p dbkbo^qlo¾ _rq fk qeb crqrob jl_fib _^qqbov _^khp lo crbi `biip `lria lŊbo ^ 

sf^_ib wbolÓbjfppflk ^iqbok^qfsbÁ 5efp fp bpmb`f^iiv qorb fk il`^qflkp tebob fq j^v _b afŊf`riq 

ql mbojfq ^ afbpbi dbkbo^qlo Ì÷ÍÁ 
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0kb bkdfkbbofkd Ňoj fkqbosfbtba prddbpqba qe^q qo^kpfq ^dbk`fbp illh fkql ib^pfkd¾ obkqfkd¾ 

lo lqebotfpb rqfifwfkd ^ mol`robjbkq p`bk^ofl tebob_v qebv `^k e^sb qeb mltbo plro`b 

tebk qebv kbba fq _rq ^ob klq m^vfkd qeb crii `lpq lc ltkbopefm ^ka pqlo^dbÁ 5efp tlria 

^iilt ^dbk`fbp ql cobb rm pm^`b ^q qeb abmlq _v pqlofkd qeb mltbo plro`b lŊÓpfqb tebk fq fp 

klq fk rpbÁ  

vÙĚíúíÙĀÎÙzĆúĥġíĆĀ -ˊ vÙÓĥĀÓÀĀġ 8úÙÎġĖíÎ zÙĖıíÎÙ 

*kqbosfbtbbp abp`of_ba qe^q fk pljb p`bk^oflp¾ fq j^v _b mlppf_ib clo ^k ^dbk`v ql mol`rob 

obarka^kq pbosf`b ^q ^ abmlq colj qebfo rqfifqv¾ bŊb`qfsbiv _rfiafkd obpfifbk`b fkql qebfo 

bib`qof`fqv prmmivÁ 0kb abmlq j^v _b ^_ib ql qfb fkql qtl cbbabop bfqebo colj qeb p^jb 

pr_pq^qflk lo qtl afŊbobkq pr_pq^qflkpÁ *c lkb cbbabo dlbp altk¾ qebv tlria qebk _b ^_ib 

ql ptfq`e mltbo ql qeb lqebo cbbabo ^ka `lkqfkrb lmbo^qflkpÁ  

5efp qvmb lc obarkâ k`v fp lkiv cb^pf_ib fc ^ abmlq fp `ilpb ql qtl cbbabop tfqe ^s^fi^_ib 

`^m^`fqvÁ *q obnrfobp ^aafqflk^i bib`qof`^i pbosf`b fkco^pqor`qrob rmdo^abp ql `lkkb`q ql _lqe 

cbbabop¾ ̂p tbii ^p ^ ptfq`edb^o `^m^_ib lc ptfq`efkd pbosf`bÁ *q ^ipl j^v obnrfob qeb 

^dbk`v ql mro`e^pb obpbosba `^m^`fqv lk qeb ^iqbok^qb pbosf`b¾ tef`e ̀^k _b bumbkpfsbÁ 

-^pqiv¾ qefp ^mmol^`e lkiv molsfabp obpfifbk`b colj il`^ifwba lrq^dbpÁ *c ^k lrq^db fp i^odb 

bklrde ql ^Ŋb`q _lqe cbbabop¾ qeb abmlq tfii pqfii _b ibcq tfqelrq mltboÁ  

vÙĚíúíÙĀÎÙzĆúĥġíĆĀ 2ˊ_íÎĖĆçĖíÓ 

" pli^o ^ka pqlo^db jf`oldofa obmobpbkqp ^ moljfpfkd plirqflk ql abmlq obpfifbk`v¾ molsfafkd 

wbolÓbjfppflkp _^`hrm mltbo fkabmbkabkq lc qeb dofa ^ka mlqbkqf^iiv lŊbofkd `lÓ_bkbŇqp 

lc wbolÓbjfppflk bkbodv dbkbo^qflk¾ il^a j^k^dbjbkq¾ ̂ka obsbkrb colj m^oqf`fm^qflk fk 

rqfifqv abj^ka obpmlkpb moldo^jp lo ^k`fii^ov pbosf`b j^ohbqpÁ )ltbsbo¾ bkdfkbbofkd Ňojp 

^ka `e^odfkd `ljm^kfbp fkqbosfbtba obmloqba qe^q jf`oldofa plirqflkp ^ob pqfii sbov 

bumbkpfsb¾ ^ka o^obiv mbk`fi lrq _^pba lk qebpb _bkbŇqp ^ilkbÁ "p ^ obpriq¾ ^dbk`fbp ofph 

pmbkafkd pfdkfŇ`^kq prjp ql molqb`q colj iltÓifhbifella p`bk^oflpÁ  

"p pli^o ^ka _^qqbov `lpqp `lkqfkrb ql ab`ifkb¾ jf`oldofa plirqflkp `lria _b`ljb jlob 

`ljjlkÁ *k ^aafqflk¾ fk`ob^pba fkqbobpq fk dofa obpfifbk`b colj rqfifqfbp¾ mlif`vj^hbop¾ ^ka 

fkarpqov j^v rkil`h kbt plro`bp lc crkafkd clo ^dbk`fbp ql ibsbo^db clo jf`oldofa 

plirqflkpÁ "dbk`fbp tfqe efde lkÓmb^h o^qbp¾ abj^ka `e^odbp¾ ^ka lsbo^ii bumbkpfsb 

bib`qof`fqv j^v _b ^_ib ql j^hb ^ _bqqbo Ňk^k`f^i `^pb clo ^ jf`oldofaÁ "dbk`fbp fk ^ob^p 

tfqe ilt pli^o lrqmrq `lria ^ipl `lkpfabo jf`oldofap mltboba _v tfka lo crbi `biipÁ 

4^kq^ $i^o^ 75" t^p ^_ib ql criiv crka fqp jf`oldofa qeolrde do^kqp colj qeb -lt $^o_lk 

5o^kpfq 0mbo^qfkd 1oldo^j Ê-$501Ë ^ka qeb $^ifclokf^ &kbodv $ljjfppflkÁ "q 75"Øp abmlq¾ 

^ øöÓcllq _v üöÓcllq lrqallo ^ob^ ^ag^`bkq ql qeb m^ohfkd _il`h tfii elpq ^k ^iiÓfkÓlkb 

pqor`qrob tfqe qeb bib`qof`^i db^o ^ka `e^odfkd bnrfmjbkq ql `e^odb ùú _rpbp¾ mirp _^qqbov 
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pqlo^db clo ^ ÷Áû .8 pli^o ^oo^v Êpbb 'fdrob þËÁ  *k ^aafqflk ql obpfifbk`b colj mltbo 

lrq^dbp¾ tef`e fp bpmb`f^iiv fjmloq^kq dfsbk $^ifclokf^Øp tfiaŇobÓaofsbk mr_if` p^cbqv mltbo 

perqlŊp¾ 75" tfii d^fk ^k ^aafqflk^i ùÓú elrop lc lŊÓmb̂h `e^odfkd qfjb qeolrde qebfo 

_^qqbov pqlo^db pvpqbjÁ 5eb jf`oldofa tfii ^ipl ^iilt qebj ql obar`b abj^ka `e^odbp ^ka 

altkpfwb qebfo bib`qof`^i pbosf`b `lkkb`qflkÁ  

'fdrob þÀ 4^kq^ $i^o^ 7^iibv 5o^kpmloq^qflk "rqelofqv '^`fifqv %bpfdk 

 

This figure from a January 2022 press release depicts a design rendering of Santa Clara Valley 

5o^kpmloq^qflk "rqelofqvØp mi^kkba jf`oldofa ^ka `e^odfkd pvpqbjÁ 0kb-and-a-half megawatts of solar 

paired with four-megawatt hours of battery storage will reduce energy costs and provide backup 

electricity for up to 20 hours of emergency operations. 

Source: Santa Clara VTA [21] 

.^oqe^Øp 7fkbv^oa 5o^kpfq "rqelofqv e^p ^ipl abmilvba ^ jf`oldofa plirqflk ql mltbo qebfo 

ňbbq lc ÷ú bib`qof` _rpbp fk `^pb lc ^ mltbo lrq^dbÁ %rofkd kloj^i lmbo^qflkp¾ qeb 

jf`oldofa fp `lkkb`qba ql qeb dofa ^ka `^k pqlob lo cbba mltbo _^`h ql qeb dofaÁ .^oqe^Øp 

7fkbv^oa rpbp pli^oÓmltboba lkÓolrqb `e^odbop ql j^ufjfwb qeb rpb lc pli^o bkbodv arofkd 

qeb a^vÁ ÌøøÍÁ 

0sbo^ii¾ qebob fp kl lkb pfwb Ňqp ^ii plirqflk clo molsfafkd obpfifbk`b arofkd mltbo lrq^dbpÁ 

3bpfifbk`b fp bjbodfkd ^p ^ hbv ^ob^ lc pqrav clo qeb fkarpqov ^ka pbsbo^i plirqflkp ^ob 

^iob^av _bfkd qbpqba _v b^oiv ^almqbopÁ .^kv ̂dbk`fbp grpq _bdfkkfkd qebfo bib`qofŇ`^qflk 

glrokbv j^v klq kbba ql j^hb pfdkfŇ`^kq obpfifbk`b fksbpqjbkqp rkqfi qebpb qb`eklildfbp 

^ob jlob bpq^_ifpeba ^ka mlqbkqf^iiv jlob `lpq bŊb`qfsbÁ 4qfii¾ mi^kkfkd ^olrka mlqbkqf^i 

obpfifbk`b lmqflkp j^v _bkbŇq c^`fifqfbp mi^kkfkd ^ka obar`b crqrob `lpqpÁ "aafqflk^i 

crkafkd colj mr_if` ^dbk`fbp ^ka rqfifqfbp¾ tel ^ob fk`ob^pfkdiv `lk`bokba ^_lrq dofa 

obpfifbk`b¾ j^v ^ipl ebim b^pb qefp m^fk mlfkq clo qo^kpfq ^dbk`fbp fk qeb crqrobÁ 
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8ĀĚĥĖíĀçvÙúíÀÌúÙ-ëÀĖçíĀç 

"ijlpq ^ii qo^kpfq ^dbk`fbp fkqbosfbtba bumobppba qe^q obif^_ib _rp pbosf`b fp qeb jlpq 

fjmloq^kq moflofqv clo ňbbq j^k^dbopÁ #bfkd ^_ib ql bkprob `e^odbop ^ob obif^_iv lmbo^qflk^i 

fp hbv ql ^ pr``bppcri bib`qofŇ`^qflk moldo^jÁ *kqbosfbtbbp ^ka obpb^o`e obsb^iba ̂ 

krj_bo lc _bpq mo^`qf`bp clo absbilmfkd j^fkqbk^k`b bumboqfpb¾ `ellpfkd `e^odfkd 

sbkalop¾ ̂ka pqobkdqebkfkd pbosf`b ^dobbjbkqp ql j^ufjfwb `e^odbo obif^_fifqvÁ 

_ÀíĀġÙĀÀĀÎÙ zġÀææíĀç 

&ib`qof` _rpbp ^ka `e^odbop ^ob crka^jbkq^iiv afŊbobkq pvpqbjp qe^k afbpbi _rpbp ^ka 

mrjmpÁ .^fkqbk^k`b pq^Ŋ tel hklt qeb fkp ^ka lrqp lc ^ afbpbi bkdfkb j^v _b kbt ql 

bib`qof` qb`eklildfbpÁ .^fkq^fkfkd `e^odfkd pvpqbjp fp pqfii ^k bjbodfkd ^ob^ lc tlohclo`b 

absbilmjbkqÁ &^`e `e^odfkd j^krc^`qrobo e^p kr^k`bp¾ ^ka qo^fkfkd j^v klq criiv 

qo^kpi^qb colj lkb j^krc^`qrobo ql ^klqeboÁ /lq^_iv¾ pljb `e^odbo j^krc^`qrobp tfii 

lcqbk obnrfob¾ ^p ^ qboj lc qeb t^oo^kqv¾ qe^q ^kvlkb tel tlohp lk `e^odfkd bnrfmjbkq _b 

`boqfŇba _v qeb j^krc^`qroboÁ  

5of.bq bkd^dba fqp bib`qof` rqfifqv¾ 1loqi^ka (^p ^ka &ib`qof` Ê1(&Ë¾ ql molsfab `e^odbo 

j^fkqbk^k`b pbosf`bpÁ 5of.bq abp`of_ba qefp ^oo^kdbjbkq ^p sbov _bkbŇ`f^i¾ efdeifdeqfkd 

qe^q 1(& e^p bumbofbk`b tfqe bib`qof`^i bnrfmjbkq ̂ka fp qebobclob tbiiÓnr^ifŇba ql 

j^fkq^fk ̀e^odfkd bnrfmjbkqÁ  

0qebo qo^kpfq ^dbk`fbp fkqbosfbtba b`elba qeb fab^ qe^q e^sfkd bumbofbk`b tfqe bib`qof`^i 

bnrfmjbkq fp s^ir^_ib clo molsfafkd ̀e^odbo j^fkqbk^k`bÁ 'lo bu^jmib¾ ,fkd $lrkqv qo^kpfq 

^ka $5" abp`of_ba qebfo bumbofbk`b lmbo^qfkd efdeÓsliq^db bnrfmjbkq clo qebfo qoliibv 

^kaÇlo o^fi pbosf`bp ^p ^k ^as^kq^db fk qebfo qo^kpfqflk ql lmbo^qfkd bib`qof` _rpbpÁ /bt :loh 

$fqv 5o^kpfq¾ tef`e ^ipl lmbo^qbp bib`qof` o^fi pbosf`b¾ abp`of_ba mi^kp ql absbilm pqo^qbdfbp 

^olrka j^fkqbk^k`b lc qebfo bib`qof` _rp `e^odbop Êrpfkd j^fkqbk^k`b `lkqo^`qp ^ka fkÓ

elrpb c^`fifqfbp prmmloq mboplkkbiËÁÁ 

"$ 5o^kpfq fp pbbhfkd ql absbilm qebfo ltk qo^fkfkd `bkqbo clo wbolÓbjfppflk qb`eklildf`^i 

phfiip Ì÷ÿÍÁ "$ 5o^kpfq ^iob^av obmloqp `lkar`qfkd lsbo øù¾ööö elrop lc qo^fkfkd ^`olpp ÷ÿ 

`lropbp fk prmmloq lc qebfo ňbbq lc ÷û crbi `bii ^ka _^qqbov bib`qof` _rpbpÁ .^kv lc qebpb 

`lropbp ^ob ebia fk m^oqkbopefm tfqe `e^odbo lo _rp j^krc^`qrobopÁ   

0kb fkqbosfbtbb bjme^pfwba qeb s^irb ql _lqe qeb qo^kpfq ^dbk`v ^ka qeb j^krc^`qrobo lc 

bpq^_ifpefkd cloj^i pbosf`b ibsbi ^dobbjbkqp ÊÙ4-"pÚËÁ 5ebv abp`of_ba pbosf`b ^ka 

j^fkqbk^k`b ^p qeb _fddbpq ^ob^ lc jfp`ljjrkf`^qflk¾ tfqe pljb qo^kpfq ^dbk`fbp 

bumb`qfkd øúÇý j^fkqbk^k`b ̂s^fi^_fifqv colj `e^odbo j^krc^`qrobop pfk`b qebv ^ob rpba ql 

e^sfkd fkÓelrpb lmbo^qflkp ^ka j^fkqbk^k`b pq^Ŋ clo qebfo afbpbi lmbo^qflkpÁ 5ebv 

bumi^fkba qe^q cloj^i 4-"p `^k ^slfa qefp hfka lc jfp`ljjrkf`^qflk ^ka ^iilt 
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j^krc^`qrobop ql bkprob qebv ^ob molmboiv pq^Ŋba ql jbbq qeb pbosf`b obnrfobjbkqp fk qeb 

4-"Á  

zēÀĖÙsÀĖġĚ 

-lkd #b^`e 5o^kpfq klqba qe^q pljb pm^ob m^oqp ^ob obi^qfsbiv fkbumbkpfsb _rq `^k e^sb 

ilkd ib^a qfjbpÁ 5ebv qebobclob ob`ljjbkaba hbbmfkd ^k fksbkqlov lc qebpb fkbumbkpfsb 

pm^ob m^oqpÁ 5o^kpfq ^dbk`fbp `^k obnrfob qebfo `e^odfkd sbkalop ql molsfab ^ ifpq lc hbv m^oqp 

ql fk`irab fk ^ pm^ob m^oqp fksbkqlov ^p tbii ^p fkcloj^qflk lk mof`fkd ^ka qvmf`^i ib^a 

qfjbp clo lqebo m^oqp Ì÷ÍÁ 'llqefii 5o^kpfq klqba qe^q lsbo qfjb¾ qebob fp ^ ofph qe^q pm^ob m^oqp 

jfdeq klq jbbq qeb pmb`fŇ`^qflkp lc qeb lofdfk^i m^oqpÁ 5efp ofph pelria _b afp`rppba tfqe 

sbkalopÁ    

8ĀĚĥĖíĀçzġĖĆĀç-ëÀĖçíĀç²ÙĀÓĆĖ-ĆĀġĖÀÎġĚ 

4bsbo^i fkqbosfbtbbp abp`of_ba qeb fjmloq^k`b lc fk`irafkd pqolkd ^ka `ib^o obnrfobjbkqp 

fk sbkalo `lkqo^`qp ql bkprob `e^odbo rmqfjbÁ .bqol 5o^kpfq fk .fkkbplq^ ob`bkqiv 

`lkar`qba Ňsb `^pb pqrafbp lk qo^kpfq ^dbk`fbp qe^q e^sb abmilvba bib`qof` _rpbp ^ka lkb 

lc qeb hbv ibpplkp ib^okba t^p qeb fjmloq^k`b lc absbilmfkd Ùpqolkd `lkqo^`qr^i i^kdr^db 

clo sbkalo `lkqo^`qp fk`irafkd mbocloj^k`b jbqof`p ÌýÍÁÚ 4bsbo^i fkqbosfbtbbp abp`of_ba 

`e^iibkdbp tfqe abqbojfkfkd qeb obpmlkpf_ib m^oqv tebk `e^odbo fpprbp ^olpb¾ `^rpfkd 

`lkcrpflk ^ka abi^vp fk dbqqfkd `e^odbop _^`h lkifkbÁ  *k ^ moldobpp obmloq colj 1loqi^ka 

(bkbo^i &ib`qof` lk fqp bib`qof` _rp molgb`q tfqe 5of.bq¾ 1(& obmloqba `e^iibkdbp dbqqfkd _rp 

^ka `e^odbo sbkalop ql obplisb `ljjrkf`^qflkp fpprbp¾ obpriqfkd fk ilkd mboflap lc _rpbp 

_bfkd lŊifkb ÌøùÍÁ  

#bilt fp ^ ifpq lc `lkqo^`q qbojp clo qo^kpfq ^dbk`fbp ql `lkpfabo fk`irafkd fk `e^odfkd 

sbkalo `lkqo^`qp ql c^`fifq^qb pjllqe lmbo^qflkp¾ _^pba lk fkqbosfbtp tfqe qo^kpfq 

^dbk`fbp¾ rqfifqfbp¾ ^ka bkdfkbbofkd ŇojpÀ  

1. Define charger availability requirements based on bus service requirements   

"p jbkqflkba fk qeb %bpfdkfkd $e^odfkd '^`fifqfbp ̀e^mqbo¾ abqbojfkfkd ̀e^odbo 

obnrfobjbkqp qeolrde jlabiifkd lo a^q^ ^k^ivpfp fp ^k fjmloq^kq Ňopq mi^kkfkd pqbmÁ 

5ebpb obnrfobjbkqp pelria ^ipl fkcloj `e^odbo ^s^fi^_fifqv obnrfobjbkqp fk`iraba 

fk qo^kpfq ^dbk`fbpØ sbkalo mol`robjbkqpÁ "15" fp `roobkqiv tlohfkd tfqe qo^kpfq 

^dbk`fbp ^ka lqebo pq^hbeliabop ql absbilm pq^ka^oa qb`ekf`^i obnrfobjbkqp clo 

qo^kpfq ^dbk`fbp ql fk`irab fk obnrbpqp clo molmlp^ip Ê3'1pË clo `e^odfkd bnrfmjbkqÁ 

" ao^cq lc qefp p^jmib 3'1 fk`irabp ^ pb`qflk tebob qeb qo^kpfq ^dbk`v pmb`fŇbp 

abq^fip ^_lrq qebfo bib`qof` _rp lmbo^qflk pqo^qbdv fk`irafkd¾ ^jlkd lqebo abq^fip¾ 

qeb cliiltfkdÀ 
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V Number of buses and their make and model 

V Type of charger (plug-in, overhead pantograph, wireless) and their required 

power levels 

V Dwell times and charging windows for buses 

V Third-party hardware and software systems for charge management and 

operational data collection and reporting that the chargers will need to 

integrate with 

V Weather conditions in which chargers will need to operate (temperature, 

humidity, precipitation,  severe airborne dust conditions, severe winter road 

maintenance processes, etc.) 

2. Specify compliance with charging standards  

1r_ifpeba obmloqp ^ka fkqbosfbtbbp bjme^pfwba qe^q fq fp fjmloq^kq clo `e^odfkd 

bnrfmjbkq ql `ljmiv tfqe `e^odfkd pq^ka^oapÁ $e^odfkd pq^ka^oap c^`fifq^qb 

fkqbolmbo^_fifqv pl qe^q molar`qp colj ^ s^ofbqv lc j^krc^`qrobp `^k _b rpba 

qldbqeboÁ 5efp ebimp molqb`q ^d^fkpq qeb ofph lc ^ j^krc^`qrobo dlfkd lrq lc _rpfkbpp 

^ka afp`lkqfkrfkd `boq^fk molar`qp¾ ^ka molsfabp ňbuf_fifqv ql pbib`q afŊbobkq 

molsfabop fk qeb crqrobÁ 

5ebob ^ob afŊbobkq pq^ka^oap clo afŊbobkq qvmbp lc `e^odbop¾ ^p ifpqba fk $5&Øp 

(rfab_llh clo %bmilvfkd ;bol &jfppflk #rpbp Ì÷ÍÀ 

¶ Plug-In chargers: Society of Automotive Engineers (SAE) J1772 for DC 

chargers and SAE J3068 for AC chargers 

¶ Overhead chargers: SAE J3105 for overhead chargers 

/lq^_iv¾ pbsbo^i fkqbosfbtbbp bumi^fkba qe^q qebob fp pljb ^j_fdrfqv ^ka s^of^qflk 

fk elt ql fkqbomobq pq^ka^oap ^ka qebobclob fq fp kb`bpp^ov clo sbkalo mol`robjbkqp 

ql fk`irab jlob pmb`fŇ` qb`ekf`^i obnrfobjbkqp qe^k pfjmiv obnrfofkd ^aebobk`b ql 

pq^ka^oapÁ 5o^kpfq ^dbk`fbp `^k `lkpriq tfqe lqebo qo^kpfq ^dbk`fbp¾ `lkpriq^kqp¾ lo 

mr_if`iv ^s^fi^_ib obplro`bp pr`e ^p qeb cloqe`ljfkd tloh colj "15" ql abqbojfkb 

bu^`qiv te^q qebpb obnrfobjbkqp pelria _bÁ 0kb `e^odfkd molsfabo bumi^fkba qe^q fq 

fp obdobqcriiv `ljjlk clo qo^kpfq ^dbk`fbp ql e^sb qebfo mro`e^pba _rp klq tloh 

tfqe qebfo mro`e^pba ̀e^odbo _b`^rpb qeb pq^ka^oa e^p _bbk fkqbomobqba fk qtl 

afŊbobkq t^vpÁ 5eb fkqbosfbtbb bumi^fkba qe^q¾ tefib fq fp ob^iiv qeb sbkaloØp 

obpmlkpf_fifqv ql ^aebob ql pq^ka^oap¾ qo^kpfq ^dbk`fbp `^k al obpb^o`e ^ka q^ih ql 

lqebo qo^kpfq ^dbk`fbp ql j^hb prob ql pbib`q `e^odfkd ^ka _rp j^krc^`qrobop tel 

e^sb tlohba qldbqebo fk qeb m^pqÁ   

"klqebo t^v ql bkprob fkqbolmbo^_fifqv _bqtbbk `e^odbop ^ka _rpbp¾ _bpfabp 

pmb`fcvfkd ^aebobk`b ql pq^ka^oap ^ka lqebo qb`ekf`^i obnrfobjbkqp¾ fp ql rpb qeb 
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p^jb sbkalo clo qeb `e^odbo ^ka _rpÁ *jmloq^kqiv¾ qefp lmqflk `ljbp tfqe qeb 

ao^t_^`h lc dbkbo^iiv _bfkd jlob bumbkpfsb qe^k pbib`qfkd `e^odfkd sbkalop ^ka 

_rp sbkalop pbm^o^qbiv Ì÷ÍÁ  

3. Define minimum response times for specific charger issues  

$5& klqba qe^q pljb qo^kpfq ^dbk`fbp fk`irab fk qebfo sbkalo `lkqo^`qp ifnrfa^qba 

a^j^dbp fc qebob ^ob abi^vp fk _rp abifsbofbp lo fkco^pqor`qrob fkpq^ii^qflk¾ lo fc 

bnrfmjbkq fpkÐq jbbqfkd ^kv rmqfjb obnrfobjbkqp fk t^oo^kqv al`rjbkqp lo lqebo 

`lkqo^`q qbojpÁ 

4. Establish long-term maintenance commitment, and/or require vendors to 

share essential technical information needed for equipment operation and 

maintenance once the warranty period is over  

0kb qo^kpfq ^dbk`v fkqbosfbtba abp`of_ba ^ pfqr^qflk fk tef`e¾ ^cqbo qeb bumfo^qflk 

lc ^ qtlÓvb^o `e^odfkd bnrfmjbkq t^oo^kqv¾ qeb qo^kpfq ^dbk`v e^a ̀e^odbo 

mbocloj^k`b fpprbp qe^q qebv tbob rk^_ib ql ^aaobpp tfqelrq bumboqfpb colj qeb 

sbkalo¾ tel fkpqb^a t^kqba qeb qo^kpfq ^dbk`v ql bkqbo fkql ^k bumbkpfsb pbosf`b 

`lkqo^`qÁ 

5. Require bus manufacturers and charging providers to test the bus -charger 

connection before accepting delivery  

0kb qo^kpfq ^dbk`v pq^qba qe^q fc qebv tbob ql obÓal ^kvqefkd¾ fq tlria e^sb _bbk 

^aafkd qefp obnrfobjbkqÁ 

6. Specify key software requirements, including the following:  

V For transit agencies using a third-party charge management or data monitoring 

provider, require Open Charge Point Protocol (OCPP) compliance. 

V The Electric Power Research Institute (EPRI) described the value of having local 

rather than cloud-based controls, as this allows site monitoring, data 

collection, and remote management to continue even if the internet connection 

goes down. 

V Require that software updates on buses and chargers be tested offsite by the 

provider with qeb qo^kpfq ^dbk`vØp pmb`fcf` `lj_fk^qflk lc `e^odbop ^ka _rpbp 

before the update is rolled out. 
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7. Require remote monitoring and diagnostics   

4bsbo^i fkqbosfbtbbp bumi^fkba qe^q qeb j^glofqv lc `e^odbo fpprbp `^k _b af^dklpba 

^ka objbafba objlqbivÁ "## &Ójl_fifqv bpqfj^qba _^pba lk qebfo bumbofbk`bp 

tlohfkd lk bib`qof` _rp `e^odbop qe^q ^_lrq ÿö mbo`bkq lc fpprbp `^k _b af^dklpba 

objlqbiv ^ka jlob qe^k üö mbo`bkq ̀^k _b Ňuba objlqbivÁ 3bjlqb jlkfqlofkd `^k 

^ipl fabkqfcv `e^odbo fpprbp mol^`qfsbiv o^qebo qe^k lkiv fabkqfcvfkd qebj lk`b ^ 

`e^odbo fp kbbabaÁ -lkd #b^`e 5o^kpfq ifpqba qefp ^_fifqv ql fabkqfcv `e^odbo fpprbp ^p 

^ hbv crk`qflk lc ^ dlla `e^odfkd plcqt^ob pbosf`bÁ  

zĆæġĲÀĖÙ+lÀĚÙÓ_ÀĀÀçÙÓ -ëÀĖçíĀçzĆúĥġíĆĀĚ 

1^foba tfqe qeb ofdeq e^oat^ob¾ j^k^dba `e^odfkd plcqt^ob ̀^k _b rpba ql ̀lkqoli tef`e 

`e^odbop ^ob rpba¾ tebk¾ ^q te^q mltbo ibsbi¾ ^ka colj tef`e mltbo lo pqlo^db plro`bÁ 

5efp `^k dbkbo^qb pr_pq^kqf^i `lpq ^ka lmbo^qflk^i _bkbŇqp clo rqfifqfbpÁ  

4bsbo^i fkqbosfbtbbp ^ka mr_ifpeba obmloqp abp`of_ba pr``bppcri bumbofbk`bp tfqe 

j^k^dba `e^odfkd plcqt^obÁ 4ljb qo^kpfq ^dbk`fbp fkqbosfbtba e^sb `elpbk klq ql rpb 

j^k^dba `e^odfkd plcqt^ob qerp c^o clo ^ s^ofbqv lc ob^plkp¾ fk`irafkd ^ i^`h lc `lkŇabk`b 

fk j^k^dba `e^odfkd plcqt^ob ql abifsbo lk fqp moljfpbp ̂p tbii ^p rk`boq^fkqv qe^q qeb 

_bkbŇqp tlria grpqfcv qeb `lpqp lc qeb pbosf`b ̂q qeb `roobkq p`^ib lc qebfo bib`qof` _rp 

abmilvjbkqÁ "kv j^k^dba `e^odfkd pqo^qbdv pelria _b absbilmba tfqe `^obcri 

`lkpfabo^qflk lc ^ qo^kpfq ^dbk`vØp pmb`fŇ` lmbo^qflk^i kbbap ^ka ̀ljm^ofplk lc qeb 

mlqbkqf^i _bkbŇqp ^ka `lpqp lc j^k^dba `e^odfkd pbosf`bpÁ  

WÙĴsĆġÙĀġíÀú+ÙĀÙæíġĚġĆ _ÀĀÀçÙÓ -ëÀĖçíĀç 

*k loabo ql ̂ppbpp qebpb hbv `lkpfabo^qflkp¾ fq fp fjmloq^kq ql rkabopq^ka qeb 

mlqbkqf^i _bkbŇqp lc plcqt^obÓ_^pba j^k^dba `e^odfkd plirqflkpÁ 'fdrob ÿ 

abp`of_bp clro hbv _bkbŇqp qe^q j^k^dba `e^odfkd plcqt^ob e^p qeb mlqbkqf^i ql 

molsfab ql qo^kpfq ^dbk`fbpÁ &^`e lc qebpb fp croqebo bum^kaba rmlk _biltÁ 
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'fdrob ÿÀ ,bv 1lqbkqf^i #bkbŇqp lc .^k^dba $e^odfkd 4lcqt^ob clo 5o^kpfq "dbk`fbp 

 
3bar`b bib`qof`fqv 

_fiip 

Minimize demand charges and charging 

during on-peak times when electricity 

rates are high. Can also  enable 

participation in utility demand response 

events.  

 
3bar`b 

fksbpqjbkq fk 

`e^odbop ½ rqfifqv 

rmdo^abp 

Reduce total kW charging capacity 

needed by enabling buses to charge in 

parallel or sequence, reducing 

investments in charging equipment and 

utility upgrades 

 
3bar`b i^_lo 

obnrfobjbkqp 

Reduce the need to manually plug and 

unplugging chargers  

 .^ufjfwb rpb lc 

obkbt^_ib bkbodv 

Match charging to periods of high 

renewable energy generation. 

 

1. vÙÓĥÎÙ8úÙÎġĖíÎíġĴ+íúúĚ 

&ib`qof`fqv _fiip clo `ljjbo`f^i `rpqljbop¾ pr`e ^p qo^kpfq ^dbk`fbp¾ dbkbo^iiv fk`irab 

abj^ka `e^odbp ^ka lcqbk fk`irab qfjbÓlcÓrpb ÊÙ506ÚË bkbodv o^qbp¾ tebob bib`qof`fqv 

o^qbp ^ob efdebo arofkd qfjbp lc efde bib`qof`fqv abj^ka ÊÙlkÓmb^h qfjbpÚË qe^k arofkd 

qfjbp lc iltbo abj^ka ÊÙlŊÓmb^h qfjbpÚËÁ  

%bj^ka `e^odbp ̂ob `ljjlk `ljmlkbkqp lc klkÓobpfabkqf^i bib`qof`fqv o^qb 

pqor`qrobp ̂ka `^k ^aa pr_pq^kqf^i `lpqp rqfifqv _fiipÁ 5ebpb ̀e^odbp ^ob ^ppbppba lk ^ 

`lpqÓmboÓh8 _^pfp ^ka ^ob `^i`ri^qba colj qeb bib`qof` rqfifqv ̀rpqljboØp efdebpq mltbo 

Êh8Ë abj^ka arofkd ^ dfsbk mboflaÁ %bj^ka `e^odbp ^ob qvmf`^iiv ^ppbppba lk qeb 

efdebpq abj^ka arofkd ^ _fiifkd mbofla lo vb^o ^ka j^v ^ipl e^sb ^ qfjbÓlcÓa^v 

`ljmlkbkq tebob efdebo `e^odbp ^ob ^ppbppba ^q lkÓmb^h qfjbpÁ 

%bj^ka `e^odbp mobpbkq ^ `e^iibkdb clo bib`qof` _rp `e^odfkd ̀lpqp _b`^rpb 

pfjriq^kblrpiv `e^odfkd _rpbp `^k `ob^qb ^ pmfhb fk mltbo abj^ka tef`e¾ bsbk fc 

fkcobnrbkq¾ qofddbo efde abj^ka `e^odbp ̂ka mrpe rm rqfifqv _fiipÁ .^k^dba `e^odfkd 
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plcqt^ob `^k jfkfjfwb Ê×mb^h pe^sbØË qebpb pmfhbp qeolrde fkqbiifdbkq `e^odbo 

p`ebarifkd qe^q ň^qqbkp qeb mb^h lo _v ao^tfkd lk _^qqbofbp lo lqebo afpqof_rqba bkbodv 

obplro`bp ql prmmiv mltbo arofkd mb^h bsbkqpÁ 'fdrob ÷ö¾ q^hbk colj qeb $5& 

(rfab_llh clo %bmilvfkd ;bolÓ&jfppflk 5o^kpfq #rpbp¾ fiirpqo^qbp elt j^k^dba 

`e^odfkd plcqt^ob `^k pmob^a `e^odbo abj^ka lsbo jlob qfjb ql ^slfa efde mb^hp fk 

abj^ka Ì÷ÍÁ 

.^k̂dba `e^odfkd plcqt^ob `^k ^ipl lmqfjfwb bkbodv rpb ^d^fkpq 506 o^qbp¾ obar`fkd 

_fiip _v `e^odfkd _rpbp jlob arofkd iltÓ̀ lpq elrop ^ka ibpp arofkd efdeÓ̀ lpq elropÁ 

'fdrob ÷öÀ .^k^dba $e^odfkd $^k %b`ob^pb 1b^h 1ltbo %bj^ka 

 

5eb cfdrob ^_lsb¾ colj $5&Øp Guidebook for Deploying Zero-Emission Transit Buses, illustrates 

how managed charging software spreads charging demand over a longer period of time to avoid 

peaks in demand. 

Source: Center for Transportation and the Environment [1] 

2. vÙÓĥÎÙMĀıÙĚġÿÙĀġ íĀ-ëÀĖçÙĖĚ ̪¦ġíúíġĴ¦ēçĖÀÓÙĚ 

.^k^dba ̀e^odfkd `^k obar`b ̀e^odbo ̀^m^`fqv obnrfobjbkqp¾ ^iiltfkd cbtbo mltbo 

`^_fkbqp ql pbosb ^ dob^qbo krj_bo lc _rpbpÁ *k ^aafqflk¾ iltbo mb^h abj^ka jb^kp 

cbtbo ̂ka ibpp bumbkpfsb rqfifqv pbosf`b rmdo^abp¾ mlqbkqf^iiv abifsbofkd pr_pq^kqf^i `lpq 

p^sfkdp ̂ka peloqbo qfjbifkbp clo mltbofkd `e^odfkd fkco^pqor`qrobÁ 'lo bu^jmib¾ fkfqf^i 

bpqfj^qbp prddbpqba qe^q -" .bqol tlria kbba øö jbd^t^qqp ÊÙ.8ÚË lc bib`qof`^i 

`^m^`fqv ql prmmloq `e^odfkd ^q qebfo abmlqp¾ _rq qebv tbob ^_ib ql absbilm ^ j^k^dba 

`e^odfkd pqo^qbdv qe^q ^iiltba qebj ql ab`ob^pb qebfo `^m^`fqv obnrfobjbkq ql ÷öÓ÷ø 

.8Á  

3. vÙÓĥÎÙZÀÌĆĖ vÙĕĥíĖÙÿÙĀġĚ 

.^k^dba `e^odfkd plcqt^ob `^k bk^_ib mltbo pe^ofkd ^jlkd _rpbp¾ bifjfk^qfkd qeb 

kbba clo pq^Ŋ ql j^kr^iiv rkmird¾ jlsb¾ ^ka obÓmird _rpbp clo qebj ql pe^ob mltbo 
































